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Editor 
Ray Osterwald, NO@DMS 


Electric Radio™ is all about the restoration, maintenance, and 
continued use of vintage radio equipment. Founded in May of 
1989 by Barry Wiseman (N6CSW, SK), the magazine continues 
publication for those who appreciate the value and excitement 
of operating vintage equipment and the rich history of radio. It 
is hoped that the magazine will provide inspiration and 
encouragement to collectors, restorers and builders. It is 
dedicated to the generations of radio amateurs, experimenters, 
and engineers who have preceded us, without whom many 
features of life, now taken for granted, would not be possible. 

We depend on our readers to supply material and photos for 
ER. Our subscriber’s primary interest is in articles that pertain 
to vintage equipment and operating with a primary emphasis 
on AM, but articles on CW, SSB, and shortwave listening are 
also needed. Photos of hams in their radio shacks are always 
appreciated. We invite those interested in writing for ER to 
write, email, or call. 


Some of Our Regular Contributors Include: 
Tom Marcellino (W3BYM), Gary Halverson (K6GLH), Joe Long 
(WA2EJT), David Ishmael (WA6VVL), Jeff Covelli (WA8SAJ), Mike 
Bittner (W6MAB), D.S. “Jeep” Platt (K3HVG), George Misic (KE8RN), 
Mike Murphy (WU2D), Larry Will (W3LW), Dave Gordon-Smith 
(G3UUR), Pat Griffin (AA4PG), Phil Legate (ACQOOB) 


: > 

Editor’s Comments 

Proposed FCC Rule Change 

The FCC, in a recent NPRM proposal, 
apparently wants to stop accepting all paper 
applications to their Universal Licensing System, 
including amateur radio. In the ruling, FCC rather 
arrogantly clainis a doubt about anyone not having 
a computer or Internet access, which is totally not Fes 
true. The ULS is a cumbersome and confusing 
system unless you use it all the time, so the only 
option will be to pay a few dollars to one of the license services; they accept 
telephone calls. I stopped using the ULS 20 years ago. 

Tragic Aircraft Accident 

The 1944 B-17G, the Nine-O-Nine, that was on the cover of ER #314, July 
2014, crashed October 2nd at an air show in Connecticut with a tragic loss of life 
and loss of much authentic equipment. The NTSB preliminary accident report 
mentioned the pilot radioed a problem with the mag on #4 engine and requested 
permission to return. He feathered #4, but on his turn they struck a light pole. 

Vintage Nets 

I’ve gotten several updates and correction to the Vintage Net column. Bill 
Kipping (KE7KK) wrote to mention that a group is trying to revive the 20 meter 
K6HQI Memorial AM net, but they are operating at new times and frequencies. 
Be sure to support this net. About 15 years ago I was able to work Dave, G3UUR, 
in the UK with 15 watts from my Mighty Elmac...20 is such an important band. 


(Continued on page 23...) 
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Cover: Victoria Hall was an American operative trained and deployed by the 
SOE and later by the OSS. She was injured in a hunting accident before the war, 
and her left leg was artificial below the knee. Shown in the recreated setup, 


Victoria operates a Mark II, powered with a 6-volt wet cell that is charged by 


French Resistance leader Edmond Lebrat, using an improvised automobile 
generator rigged to a bicycle frame. — oe : ? 


The SX-71 from Berryville 


(Problems and Solutions for a Vintage Radio) 


By Tom Marcellino, W3BYM 
13806 Parkland Drive 
Rockville, MD 20853 
w3bym1@gmail.com 


Background 

The Antique Wireless Association 
sponsors several annual on-the-air 
events. During some of the events it’s a 
scoring advantage to use a receiver that 
was manufactured during 1950 or earlier. 
I was using the Hammarlund HQ-129X, 
which met the manufacturing date, but 
was only a single conversion receiver. 

A receiver was needed for these events. 
I had two requirements. First, it had to 
meet the 1950-or-sooner date. Second, 
it had to be double conversion. A search 
of references’ indicated very few 
candidates meeting these requirements. 

There was one receiver that almost 
met the requirements, the Hallicrafters 


SX-71. The radio had no problem with 
the date but had a slight issue with the 
double conversion issue. 

The SX-71 is a five band radio with 
both single and double conversion 
conditions. Bands 1 and 2 are single 
conversion while bands 3, 4, and 5 are 
double conversion. Eighty meters 
happens to be on band 2. I guess 
compromise is a way of life, especially 
with only one receiver choice. 

While at the 2019 Berryville, VA, 
hamfest I met a tailgater who was selling 
several Hallicrafters receivers. There were 
several SX-25s and this SX-71. The price 
on the SX-71 was $95. I looked it over 
and offered $75 and the seller didn’t 
bite. After some back and forth talk the 
seller said he would let it go for $80 and 
I said “sold!” 

I told the seller that I would have to 
walk back to the truck for my cart. He 


Boe 1: The SX-71 i is a five band receiver. fe we ee covers 46 to 56 MHz. 
The scale for this band is located on the top right of the band spread dial. The front 


panel is pristine with all original knobs. 
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then offered to loan his cart. So, the 
receiver was loaded on the cart and off I 
went — but at a very slow walk. 

The Boy Scouts are always helping at 
this hamfest and operate a John Deere 
motorized cart. They just happened to be 
headed my way. The hand cart, the SX- 
71, and I gota nice ride to the parking lot 
and my truck. 

First Look 

The cabinet and chassis looked very 
good despite a layer of dust and cigarette 
residue, all the knobs were original. The 
radio contains thirteen tubes including a 
voltage regulator and rectifier. All tubes 
tested good except one., Several metal 
eight pin tubes were branded 
“Hallicrafters” with date codes of 1948. 
Now that’s impressive for tubes that are 
71 years old! 

Looking under the 
chassis was a great sight. 
All of the original parts 
were in place with no 
modifications or 
evidence of tampering. 
I was convinced my 
purchase was a complete 
and unmolested 
receiver. 

Problems 

Now merhac ilve 
explained all of the good 
points there were several 
electrical issues. The 
problems were these: 
The S meter was non- 
functioning and the 
rear-mounted 
adjustment, a wire- 
wound pot, had no 
effect. The AVC was 
non-functioning. The 


speaker audio was 


extremely weak and distorted but 
headphone audio could be heard. The 
dial and S meter illumination was working 
but at very low intensity. Finally, excessive 
heat was detected on the top upper right 
of the perforated lid. 

Solutions 

The S Meter: Remember when I 
mentioned earlier that one tube had failed 
the initial testing? That tube was V2, a 
6AU6. The tube was physically broken 
and is an integral part of the S meter , 
circuit. The S meter (5 mA full-scale) is 
embedded into a resistive network 
between B+ and the screen of V2. 

The 6AU6 was replaced and in the 
course of replacing its shield I broke the 
tube. The tip on the top of the tube is 
easily broken if the press-on shield isn’t 
carefully installed. A second tube and 


Figure 2: The alignment section’s steel cover has been removed to show the area 
where the defective S meter components are located, see the highlighted area. 
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shield were successfully installed. 

The new tube didn’t cure the S meter 
issue. Further trouble shooting revealed 
a failed dual .004 yF ceramic capacitor. 
This capacitor is identified as “C10A” 
and “C10B.” It was replaced with two 
separate capacitors. Also at fault was V2’s 
screen resistor, R9. It measured 600k- 
ohms instead of its 330-k ohm original 
value. A 650k-ohm metal film was 
connected in parallel to bring the total 
value close to stock. 

The adjustment pot is located on the 
rear panel. It can be either a 200 ohm 
wire-wound or a 500 ohm wire-wound. 
It was removed, disassembled, and 
cleaned...no small task. The S meter was 
now functioning. The S meter is a right- 
hand power-off design. There is a 
mechanical adjustment hidden behind 
the small round plate on the front panel. 
Electrical zero is made with the rear panel 
pot but there is no other pot to set up 
scale readings. 

The AVC 
This issue was traced to the area of 
V11, a 6H6 tube doing double duty. The 


tube serves as a noise limiter and AVC 


control. C51, a.01 pF wax capacitor, was 
at fault and replaced. Also, two 220 pF 
postage stamp capacitors, C52 and C33, 
were replaced with ceramic disc caps. 
The AVC now operated correctly. 
Weak Speaker Audio 

At this time it was decided to replace. 
all the paper-wax capacitor with orange 
drops. A couple small -filter caps were 
replaced with aluminum types. The main 
power supply uses three filters in a chassis- 
mounted can. The ripple was measured 
at each stage measuring 20V, 20 mV, and 
6 mV. Based on this excellent data, the 
can wasn’t replaced. The speaker audio 
gain was restored and with the fixed AVC 
was pleasing to the ear. | 
The S Meter and Scale Illumination 

Often during the process of any gear’s 
restoration, small pilot lamps are 
overlooked. This receiver uses four lamps. 
Two are located one on the far right and 
one far left of the scales. These are number 
47 lamps. Two number 44 lamps are 
located to the right and left of the S 
meter. They provide light to both the S$ 
meter and scales. To remove the sockets 
and replace the lamps, a %-inch nut 


Figure 3: The four low output lamps are compared to a new lamp shown on the left. 
The far right lamp was removed with pliers. 
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Figure 4: The AC powered cooling fan is mounted with double sided foam tape 


adjacent to the main filter capacitor. Air is directed toward the three hottest tubes. 


driver or closed-end wrench is required. 
All of the sockets are held in place with 
two self tapping screws for each socket. It 
was obvious that the removed lamps had 
seen a very long life. There is no way to 
tell how long and maybe they were 
original. 
The Excessive Lid Temperature 

Vacuum tubes are heat generators. | 
don’t think there will be any arguments 
about that statement. Whether big or 
small, or circuit function, they all emit 
various levels of heat. 

The SX-71 has thirteen little. heat 
generators including the voltage regulator 
and rectifier. There are three tubes that 
emit the most heat. They are the VR-150 
voltage regulator, the 5Y3 rectifier, and 
the 6K6 audio amplifier. 

This issue wasn’t discovered until 
completion of the restoration work and 
the chassis was put back into the case. 
Then, during final checkout after about 
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10 minutes of operation, I put my hand 
on the top right hand corner of the lid. 
Boy was | surprised. It wasn’t very long 
before the temperature was approaching 
too hot to touch! 

Excessive heat from these three tubes 
was also evidenced by three black marks 
on the inside of the lid just above the 
tubes. There were two large ones above 
the VR and audio tubes. In the middle 
was a smaller mark above the rectifier. 
The placement of the three tubes grouped 
together along the side of the chassis 
wasn’t a good design in my opinion. 

My first thought was there must be an 
over voltage condition with these three 
tubes that I must have missed. So, using 
extension adapters all the voltages were 
rechecked and _ found 
specifications. 

It is obvious this condition of excessive 
lid temperature has been with this receiver 
since the day it left the factory. Also 


within 
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obvious is the fact that it doesn’t’ effect 
the operation of the receiver. All functions 
worked as stated in the manual with the 
excessive lid temperature. I’m not a 
supporter of heat in electronics — 
especially excessive temperatures. 

The lid has perforations on the top 
and both sides but not on the back. The 
perforations are not large enough to let 
the heat escape. The solution to this issue 
was simple — just install a fan near the 
heat generators. A quiet AC powered fan 
was mounted using double sided foam 
tape. The AC power leads were fed though 
two of the holes adjacent to the power 
transformer. 

A couple tests were conducted to check 
the heat issue. There was NO heat issue 
after one hour of operation. The lid was 
at room temperature. The top of the lid 
was then sealed with cardboard and 
another test of one hour conducted. Air 
from the fan was coming out of the right 
side of the lid. The cardboard was 
removed after one hour and the top of 
the lid was at room temperature. 

Antenna Adapter 

The SX-71 uses the standard vintage 
receiver antenna connections. It consist 
of three screw terminals attached to a 
piece of brown material, probably 
phenolic. All my shack receiver's RF 
connections use SO-239s and PL-259s. 

The adapter in figure 5 uses aSO-239, 
a metal spacer and a 6-32 screw of 
appropriate length. The stock shorting 
bar is maintained between the bottom 
ground screw (G) and the metal spacer 
(A2). A short piece of buss wire connects 
the center connection from the SO-239 
to the top lug (A1). The stock 6-32 screw 
is kept with a nut in the top hole of the 
connector. 

Final Comments 
Final points of the restoration included 


re Electric Radio #366 


Figure 5: The antenna adapter is 
mounted to the three existing antenna 
terminal connections. A small metal 
spacer provides the electrical ground 
connection and a solid mount. 


a few drops of oil on the shaft bearings, 
and on the rear chassis band switch ball 
and detent assembly. All wafers of the 
band switch were sprayed with DeoxIT 
on both sides. 

This receiver is a true boat anchor 
weighing in at 43 pounds. It’s very well 
built with a welded steel chassis having a 
thickness of .080". A bottom steel plate 
covers the RF adjustments and has a 
thickness of .050". This plate has 
openings above each adjustment so the 
alignment can be performed with the 
shield in place. 

D.S. Jeep Platt (K3HVG) wrote an 
excellent article in the March 2018 issue 
#346 of ER. This is must reading for the 
history of the SX-71 and other related 
receivers of the period. The article is 
titled The Hallicrafters SX-71: A Double- 
Coverage Receiver. 

References: 

1.Raymond S. Moore, Communication 
Receivers, 2nd Edition, September 1991 

2. The Hallicrafters Company, SX-71 
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The Lyon Connection, Part 2 


By Mike Murphy WU2D 
38 N. Reading St. 
Manchester, NH 03104 


mjmurphy45@comcast.ne 


In part 1, we found out that the German 
organizations hunting the Resistance and 
SOE radio operators in 1941-42, namely 
the Abwehr and Ordnungspolizei, or 
Orpo, were equipped with a variety of 
sophisticated high frequency radio 
direction finding and intercept 
equipment. Together with the fixed 
intercept sites, they worked to pinpoint 
the location of the SOE radio operators, 
but the actual hunting was always difficult 
in an urban setting like Lyon. “During 
wartime, the German D/F services of the 
Orpo issued an instruction manual which 
explained as to how spy-agents had to be 
trapped by the D/F operators in the “near- 
field” of HF signals (especially causing 
problems in urban areas).”' 

Both Sides Now 

“Double-banking — with 
headphones is the normal practice for 
both general search and commitments 


split 


(i.e. each operator handles two receivers, 
the output from both being fed into a 
single pair of headphones; one receiver is 
used to intercept the control, the other 
the answering signal). It is not known at 
exactly what date double-banking was 
first introduced, but it was probably 
during the summer of 1941: it was the 
general practice in the Orpo intercept 
units by the autumn of that year.”? 
Funkabwehr Search Operation 
Summary 

Let’s discuss a typical D/F van search. 

“Tf possible up to three cars were employed 
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on any one case but for various reasons it 
was frequently not possible to use more 
than one. In such cases once the ground 
wave had been discovered bearings would 
be taken from two different points... 
The car [would] then proceed to the 
point of intersection and recommence 
the process. It was the practice in several 
units to carry two sets in the car, one 
fixed, the other portable which could be 
used on the ground to obtain cross 
bearings against the set in the Cai f 
Taking a measurement based on only 
two line-of-bearings (LOBs) is called a 
cut, a practice which is prone to error 
(author). 

The ideal accuracy of the German D/F 
systems was certainly typical of excellent 
equipment of the era; within +5 degrees 
in a short-range, open- field situation; in 
other words, ideal conditions. But in 
tight urban situations, things became 
much more difficult. The degraded D/F 
environment includes losses and 
reflections from terrain and buildings 
and of course, from interference and 
noise. The second and equally important 
feature in the D/F set was the signal 
strength meter. This was essential in 
estimating relative distance and if the 
target was being closed. Three good LOBs 
from points spread at a wide enough 
distance relative to the target (a good 
baseline) produces lower uncertainty, and 
thus a fix is produced on the map. Once 
the target was properly fixed, you send in 
the undercovers, or just wait and surveil 
more! A transmitter located in a small 
French village with two roads in and out 
would bean easy target. A wooded hilltop 
location would also be easy to fix, but 
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harder to close. A target on a rear-facing 
slope, would be very difficult. A complex 
urban environment like Lyon would 
three- 
dimensional situation to resolve toa single 
building front or apartment, and the 
vans sometimes creeping along were just 


present an extremely difficult 


too easy to spot. The lookout would warn 
the operator to stop transmission 
immediately. I read an incredible account 
of a lookout physically connected to the 
operator's key with a string run down the 
hall, which would be yanked upon any 
sign of trouble! Ultimately, in complex 
urban settings such as Lyon, suitcase and 
man-portable assets usually had to be 
employed to walk down the target, before 
they abandoned the safe space, and re- 
sited for the next Sked. 
The Agent Sets 

A good review of the equipment 

available for the SOE wireless operator 


would be the ER #67, November 1994 


article Spy Radios of WW II by LTC 
William L. Howard (SK) and Dave 
Gordon-Smith’s (G3UUR) article on the 


Mark XV SIS 


Type 3 Mark I (B1) 
SOE 


BP-3 Polish/UK 


6F6, 6L6 Tx, 3/6SK7 Regen. w +/- 
200 ke Bandspread Feature 45 lbs. 


) Mark ViSIS" oi) (i [33 4bs;Regen, Tx?? oo on (2? cog oF eee 
SOE Ibs. 4.8 oz. 110-250 VAC, 6V 
41 Ibs. 
7.4x 16.6 x 24, 31 Ibs. 
EL32, 6L6 Tx, 2/7Q7, 2/7R7 Rx. 
SOE 11x 4x3”, 25 lbs. 


”? 


Type A MK III (A3) | 7H7, 7C5 Tx. 7Q7, 2/7H7 Rx. 
(Type 21 MK II) 12.9 x 7.5 x 4.3” 39 Ibs. w Bat. 
SOE 


6L6 Tx. 6K8, 6SC7, 6SJ7, 5Z4 Rx. 
120/220 V 6V or Batteries 

829B, P-P Tx. 6V6, 6K8, 6SK7, 

6SQ7, 6SC7, Rx. 11x 8.3.x 4.3°& 


PSU, 36 lbs. 120/220V 6V 


Mark XV. [The Spy Set with a Bit of a 
Reputation, ER #352, September 2018] 
Below in table 1 is a small listing of some 
of the sets that were being sent into 
France with their operators by the SOE. 
This list is not anywhere near exhaustive, 
and the information was gleaned from 
several sources. 

Of course, every set was designed to 
send and receive CW, and they all could 
handle AM reception as well. Several 
types were in continuous improvement 
in the radio shops of Bletchley and there 
was an entire Polish contingent turning 
out sets based on prewar plans smuggled 
into Britain. This list includes the famous 
and well publicized Whaddon Mark VII 
Paraset, which was actually an early one 
sent into France by the SOE developed 
between 1939 and 1940. It was essentially 
a stop gap set, easy to reproduce and get 
deployed quickly, and most importantly, 
small. Today we would call it a COTS 
kit. Later, the higher performance and 
more flexible Type 3 Mark II, commonly 
known as the B2 set, would be found in 


3.5-16 Mc 1938 


Me. 


2.0-8.0 Mc. | 40W | 1943 


Table 1: Some SOE Agent Sets 
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great numbers, and finally late in the 
war, the Marconi produced Type A MK 
III (A3). The introduction of the US 
manufactured, small and locking base 
“locktal” valves was a turning point in 
reliability in these designs, and they were 
immediately utilized in the sets. The 
practical advantages of lower power 
transmissions in terms of battery life and 
intercept were also better understood by 
the time of the Mark III.° 
SOE Minimum Team 

In the field, an SOE network, or circuit, 
depended on three key figures—a courier, 
a radio operator, and an organizer. ... In 
this situation, women usually found it 
easier to invent plausible cover stories 
and tended to attract less attention ... 4 

Many of the most famous wireless 
operators would use the Type 3 Mark I] 
(B2) set, including several female agents 
listed here by Name, Codename, Circuit.* 
* Victoria Hall (Diane) Spruce — Survived 
War, SK Rockville, Maryland on July 8, 
1982. 
* Yvonne Cormeau (Annette, Fairy, Sarafan) 
Wheelright - Survived War, SK 25 December 
19o%. 
¢ Noor Inayat Khan (Madeline) Prosper/ 


Cinema, Shot Dachau, September 1944. 

° Odette Strugo Garay (Sophie) Stationer 
Survived War, SK Buenos Aires, 22 
September 2015. 

¢ Yolande Beekman (Mariette) Musician, 
Shot Dachau September 1944. 

¢ Jaqueline Nearne (Jaqueline) Stationer Sent 
to Ravensbriick but Survived, SK London 
LOS). 

¢ Muriel Byck (Violette) Ventriloquist, SK 
(Meningitis) Romorantin FR. May 1944. 

¢ Denise Block (Ambroise, Crinoline) 
Detective, Wheelright, Clergyman, Shot 
Ravensbriick January 1945. 

*Beside the code names used on the 
wireless, they were given a documentary 
name and back history for operation in 
France.°® 

The Piano Players’ Kit 

What about the operators and sets? 
Let’s take a look at whom and what was 
being hunted. The radio operators, or 
“piano mécaniques” as they were called 
in Lyon, would typically be equipped 
with a suitcase set, which had been 
secreted in. Several models were in use. 
The most numerous set was the Model 
B2 or 3/II (Formally: Suitcase Set Type 3 
Mk. II, or in French: Le modeéle poste 


pet 


Type A Mark III and a Polish BP-3 (Courtesy Crypto Museum) 
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émetteur-récepteur 3 Mk. II). Some 
Polish Sets like the BP3 and 4 were in use 
in the city as well. The Polish sets 
developed in a separate section that was 
set up for the escaped Polish radio group 
by the British, were turning out sets of 
remarkable quality and were often better, 
smaller, and more powerful (up to 50W) 
than their British counterparts. The BP- 
3 was by Tadeusz Heftman of the Polish 
Military Wireless Unit (Polski Wojskowy 
Warsztat Radiowy) in Stanmore (UK).® 

There were never enough sets or 
operators to fill the needs of the circuits. 
The story of the Paraset is one of achieving 
something much simpler and easier to 
manufacture than the large prewar 
suitcases. The Whaddon Mk.VII Paraset 
(1940) was a lower power and somewhat 
inferior, and some might say, a disposable 
device, and its distribution was focused 


on providing some instant capability for 
intelligence. It is questionable as to 
whether more modern sets such as the 
later British Type A Mark III (also called 
A3 and Type 21 Mk.II), made by 
Marconi in 1944, ever made it to Lyon. 
However, in the museum in Lyon a set 
was displayed behind glass as shown. 
The sheet said that this was Xavier Greffe’s 
equipment, a MK V transmitter / receiver. 
The wooden case threw me off as it has 
been refinished; at first I thought it was a 
replica of some kind. But this is the real 
thing, a very early set, predating the SOE, 
which would make it a late 1930’s SIS 
(Secret Intelligence Service) design. 
Xavier, a radio technician by profession, 
operated in the Phalanx Circuit, lived in 
the Croix-Rousse district in Lyon and he 
kept the set in his son’s toy box.’ 

The B2 and all later sets integrated 


Polish BP3 with 829B Final! (Courtesy Crypto Museum) 
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2 
£O CYCLE MAINS: 
VOLTAGE ADJUST 


POSTE EMETIEUR RECEPTEUA 
DE TYPE MK 


Fon ee cer ORD 
Ager ay réseau Praians, kone: Grette wits ce poss 
=" ce Pammechrenen oF 


Lyon BCRA Network Operator Xavier Geffe’s Early Mark V 


three major components or subsystems; a 
tunable superheterodyne receiver, a 
crystal controlled transmitter of between 
5 and 20 watts out, and a power supply 
system. For the 500 mile distance between 
the Lyon area and London, and 
depending on the time of day, the 
practical frequency range _ for 
transmissions was 3 to 8 MHz. Sets were 
designed to be able to be installed in a 
small box or suitcase. Later in the war, 
water resistant cases for the B2 and other 
sets were developed and disseminated, 
for use in air drops and for bush 
operations. Unless you were a prewar 
ham, or a well-trained SOE operator, 
making a mistake with these sets such as 
plugging in the wrong coil or mistuning, 
was all too easy. Unlike the Paraset, which 
has a pickup loop and lamp to aid in 
antenna loading, the set requires a 
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conventional tune-and-dip operation. 
The set that my friend Mark had collected 
includes a homemade pickup loop and 
lamp that would be held near the plug-in 
tank coil for loading. Emissions from 
harmonics, the whistle of a regenerative 
receiver (as with a Paraset) or even the 
local oscillator of the receiver could all be 
detected and prosecuted at close range by 
the RDF vans and possibly by the 
Giirtelpeiler. For instance, if the B2’s 
receiver were tuned to 7.100 MHz, the 
local oscillator of the receiver would be 
470 kHz lower, so the device would be 
tuned to 6630 kHz and the autodyne 
detector or BFO feature would be 
employed for maximum sensitivity. Since 
the LO of the receiver is not tuned, it 
would be “up” much more than the 
transmitter. 
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Vichy Signals Expertise and the 
Resistance 
The French Army radio and signals 
experts did not suddenly collaborate or 
Nazis watter the 
instantaneous capitulation. In fact, 


become almost 
records show that the stations that were 
retained were giving the Germans false 
information on suspected clandestine 
transmitter locations much of the time. 
French Army Signals Groups were 
disbanded and individuals were retired, 
demoted and reassigned, but even under 
scrutiny, many became critical parts of 
the Resistance effort. “When Hitler’s 
army occupied France in 1940, French 
Military Intelligence analysts and Sigint 
technicians from the Disbanded REG 
regrouped in Vichy to create a new Sigint 
organization called the Groupment de 
communications radiowelectriques 
(Radioelectronic Communications 
Group, or GCR), headed by Coronel 
Paul Labat and Lieutenant Coronel 
Gabriel Ramon. Although they were 
located in the capital of the newly created 
collaborationist regime, they kept the 
communication of the German Army in 
the northern Occupied Zone of France 
under surveillance. Coronel Romon also 
provided much valuable information to 
the 3000-person “Alliance” intelligence 
network in France which was led by one 
of the most important and successful of 
the leaders of the French Resistance, 
Marie-Madeline Fourcade.”8 

The Free French government-in-exile 
in London (the exiled de Gaulle) now 
created its own intelligence service Free 
French Bureau Central de 
Renseignements and d’Action BCRA as 
an active organization they began to send 
in their own agents and setting up circuits. 
Lyon was in the R1 or Region 1 (Rhone- 
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Alpes).? 

“Before the war, the chief of the BCRA 
Intelligence Section, Jean Fleury Panier, 
had been a technical director with radio- 
France, Radio-Paris, and Radio-Saigon 
from 1927 to 1939. It should therefore 
come as no surprise that he was 
instrumental in organizing clandestine 
transmitters for the Resistance inside 
France, such as the ‘Electre’ circuit near 
Lyon in 1942 and made sure that BCRA 
agents parachuted into France could avoid 
being located when sending shortwave 
radio German 
FunkAweher’s mobile direction-finding 


vehicles [that the French referred to as 
”» 8 


messages by the 


‘voitures-goino ]. 
Avoidance Techniques — No 
Transmission Longer than 5 Minutes! 

Pianists were being captured before 
1942, but it has come into general 
agreement by experts and witness 
accounts, that this was mostly due to 
extended transmissions, poor training, 
and sloppy operation and siting practices 
such as not changing frequencies or 
transmitting locations, rather than from 
the effectiveness of German or Vichy 
collaboration RDF efforts. By the winter 
of 1943/1944 - hardly before time - there 
was an order: no wireless telegraphy (W/ 
T) transmission was to last longer than 
five minutes.? In an occupation where 
food was scarce, and food was being 
diverted to the German army, simply 
putting a price on information was likely 
the most effective way to ferret out a 
clandestine operation. Covert 
transmissions did gain intense scrutiny 
after 1942 when the Nazis moved in to 
Vichy en masse. Now the skills of the 
pianist had to be very good to survive. A 
well trained and experienced operator 
was the starting point. Yvonne Cormeau, 
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Circuits in France 


Annette / Fairy / 
Sarafan, Wheelright, 
was such an operator. 
She was the second 
female operator sent 
into France and she 
over 400 
transmissions over 13 
months back to 
London, which was a 
record for the F section 


of the SOE." 
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communications, preventing intercept, 
and for defeating the searcher’s newer 
equipment and evolving search 
methodologies. The first was to keep 


transmissions short! Also, to respect and 


Yvonne Cormeau 
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utilize the schedule, the frequency and 
cypher plan — preferably with a 
changeable cypher key word. Operators 
did have key SOE control station 
monitoring frequencies memorized, and 
bluff checks and true checks so the control 
station could theoretically tell if the 
station had been compromised by 
omitting these — and of course, there 
were key ciphers based at first on a single 
word, then a phrase that could easily be 
remembered and later on, one-time pad 


schemes.° 


Plans had to be fresh because checks 
and keys could be divulged during 
interrogation. The museum in Lyon had 
an actual SOE operational French plan 
posted behind glass called “Plan David 
Niven.” It has pencil marks showing that 
it was used. The frequencies shown utilize 
logical day and night frequencies in the 7 
and 3 MHz region. Each frequency has a 
coded 2 digit number for each frequency. 
The frequency should be changed every 
few minutes, should a long transmission 
be required. For instance, the initial 
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response could be with a receiver on one 
frequency, answered on another 
frequency, and the message sent on a 
third. The alternate frequencies are 
somewhat limited by the equipment and 
ionospheric conditions based on time of 
day, to be no more than perhaps 500 
kHz. This simple practice could help 
prevent the adversary from intercepting 
a complete message or performing a 
second DF line-of-bearing (LOB), and 
of course it makes close tracking more 
difficult. The London SOE control 
station was expected to be able to adapt 
to rapid changes in frequency, and likely 
had monitors on all potential frequencies. 
There wasa practical limit on the number 
of crystals available to the suitcase sets, 


and the plans had been simple and limited 
to prevent errors. The letters on top are 
your call sign, which was a 3-letter group 
and you used only one per session. Next 
session, you used the next 3 letters, and 
so on. In plan David Niven, QSY 59 
would mean go to 7000 kHz. By the way, 
at the time of war the amateur radio Q 
signals were so ingrained in the radio 
community that all parties used them, 
including the Germans. Very few 
available mission frequencies meant that 
the risk of frequencies becoming known 
signals-of-interest (SOI) and ending up 
on an active monitoring lists was real. 
Perform all message preparation and 
encryption well ahead of the scheduled 
transmission time. Keep the transmissions 
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premieres lettres de votre serie dtindicatifs. Si le contact est etabli et que l'on 
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as short as possible. Destroy all paper 
traces of the session. 

The most common antenna used in 
the covert setup was a simple 20 to 30 
meter longwire or inverted L, worked 
against a water pipe. This aerial was 
provided with the set and decidedly, it 
was not so covert. Location or siting is 
important both for antenna placement 
and signal effectiveness, but simply 
running the aerial covertly down the roof 
line, or inside a courtyard could save 
your life. And after 1942, it was more 
important than ever to change sites 
regularly. Of course night deployment 
and removal of the antenna sounds great, 
but it might be problematic in other 
ways. Removal of the wire every session, 
or acovert deployment, was important in 
the field, of course, where a limited 
number of roads and buildings existed, 


but it was especially critical in Lyon, 
where a previous suspected apartment 
building was likely being watched closely 
by more assets. The training manual for 
the B2 goes into detail on creating a wire 
antenna at the correct (quarter wave 
multiple) length to produce the best 
signals, and it covers good grounding or 
counterpoise practice, and compromise 
indoor antennas. Fortunately the suitcase 
sets all were capable of operation into 
compromise deployments of the 
antennas, because nobody was likely 
reading a manual! Lyon had 230-VAC, 
50-cycle power and the vibrator pack 
supplied could function with a car battery. 
One interesting German trick in zoned 
cities like Lyon was to selectively cut 
power to sections of the city and listen for 
a transmission to be interrupted. A more 
covert approach for the hunter was to 
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watch the rotation wheel of an 
apartment's power meter for signs of a 
CW rate change in speed. Like much in 
the reports, this is a little hard to swallow. 
The reported countermeasure was to turn 
on a large appliance like a room heater. 
The B2 has a power supply system that 
isolates the set from influencing the line 
at the CW rate. The use of a storage 
battery eliminated the mains power risks. 
Countermeasures 

Jamming of signals is a common 
military option and conventional barrage 
jamming or a specialized version could 
be employed against the clandestine 
stations. Selective jamming could be used 
in order to force the SOE to request 
retransmission and keep a station on the 
air. The pianists wised up fast and began 
to confuse the situation by putting several 
stations on the air at once as decoys. 

Once an illicit station had been 
identified and located (many operators 
had CW signature fingerprints that were 
well known), one of three things could be 
done. 

First of all, the pianist could be picked 
up along with her radio, and then in 
interrogation much could be learned by 


coercion or torture before the poor captive 
was dispatched or deported. Piano players 
were considered terrorists so no regard to 
the Geneva Convention was given. 
Second, turn the piano player into a 


double agent and infiltrate the SOE itself, 


even returning to England. 

Finally, the known station could be 
noted and left alone, for continued 
surveillance and fishing operations on 
the circuit, before being picked up at a 
later date. Playbacks or Funkspielen 
(Radio Games) were effective against the 
SOE at all stages of the war.’ 

Taking the Mark II Apart 

No, we are not going to take the set 
apart literally. The SOE, later MI6, 
actually tried to destroy all of the 
thousands of surplus Mark II sets by 
smashing them, after the war, to prevent 
cold war use by a new enemy, but the 
operation was incomplete and many sets 
did get surplused out. A fair number of 
sets survive until this day, and by a stroke 
of luck, my friend Mark (WA1QHQ) 
obtained an example exactly when I 
needed one to study for this article. 

First, let’s go over the outside features 
and characteristics of the B2. The suitcase 
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style units were deployed in rather low 
quality leather and cardboard type euro 
train cases. | say “train cases” because 
they are smaller than typical luggage size, 
and ubiquitous for train travel. If an 
operative did not like the suitcase style, 
they would sometimes transfer everything 
toa more suitable case or storage container 
— but inspecting the case, it simply looks 
like any boring piece with a typical handle 
and a pair of locking latches. Once 
opened, we see a couple of chunks of 
heavy felt in strategic spots over the meter 
face and the plastic tuning dial. These 
could have been added as an upgrade or 
corrective action. To the left is a two 
section spares box that contains the 
accessories and spares including a 
miniature key. The bottom of the spares 
lid has the quick start tuning information. 
I have listed accessories and spares from 
the manual and have mostly confirmed 
them based on the physical set." 


* Aerial Wire — Listed 100 ft. 

@ End Insulator with Cord 

¢ 10 Feet of Earth Wire 

¢ Transmitting Key 

¢ Telephone Headset 

e 1 Spare Receiving Valve 7Q7 

¢ 1 Spare Receiving Valve 7R7 

¢ 1 Spare Transmitting Valve EL 32 

¢ 1 Spare Transmitting Valve 6L6G 

¢ 4 Tank Coils 

¢ 4 Crystals 

¢ Miniature Screwdriver 

¢ Two Brass Pins to Convert Mains Plug to 
Continental 

¢ A Lamp Socket Power Adapter 

e AC Main Lead 

¢ DC 6V Battery Lead 

¢ Battery Clips and Cables 

¢ 10 Fuses of Two Types 

¢ There is a spare Vibrator fixed inside the 
Power Pack. 


¢ Total Weight: 34 Pounds. 


Power for the Mark II 
The power supply plug “Panel A” 
allows the set to operate from a 6 VDC 
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storage battery or a variety of mains 
voltages from 97-140 and 208-250 VAC. 
Power consumption is 57 watts in 
transmit and 25 watts on receive. 6V 
battery drain is 9.5 amps key-down and 
3.5 amps key-up. The power pack itself 
provides 500V, 230V and 6.3V. This is 
all made possible through with a very 
complex transformer that can operate 
from onboard chopped DC from a 
vibrator, ‘ortmamss0rcycles "AC, 
combined with state of the art solid state 
(selenium) rectifier stacks. There are no 
deliberate provisions for dry cell operation 
or a hand crank generator. The 
transmitter power and receiver power 
plugs are separate, so each lis 
independently powered. Such flexibility 
in a power system is fraught with 
configuration complexity, and chances 
of error are real with the hurried or 
untrained. Thus the abundance of spare 
fuses supplied with each set! 
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“Les Margureities Fleuriront Ce Soir” 

The painting reproduced on the cover 
of this issue is of Victoria Hall, by Jeffery 
Bass, and is part of the CIA fine arts 
collection depicting a scene described in 
the book, The Wolves at the Door. The 
meaning of the translation “The lilies 
will bloom tonight” is that of a parachute 
drop. It was unveiled at the French 
ambassador’s residence in Washington 
D.C. in December 2006. The scene was 
obviously peer reviewed and appears 
completely accurate, including the aerial 
out the window with the cat, and the 
earthing wire exiting the bottom of the 
scene. Note that Victoria Hall, the 
American operative trained and deployed 
by the SOE and later by the OSS, was 
injured in a hunting accident before the 
war, and her left leg was artificial below 
the knee. Shown in the recreated setup, 
Victoria operates a Mark IH, powered 
with a 6V wet cell charged by French 
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Type 3 Mark II Transmitter Section 


Resistance leader Edmond Lebrat, using 
an improvised automobile generator 
rigged to a bicycle frame. A human is 
capable of delivering 100 or more watts 
of hand cranking power for short 
amounts of time, but this setup was likely 
only capable of 3 to 6 amps for keeping 
the cells topped off. She was assigned to 
Lyon during the Vichy time-frame by the 
SOE and later to central France by the 
OSS. Victoria was the first “civilian” 
woman to receive the Distinguished 
Service Cross. President Truman wanted 
a public award of the medal, but Hall 
demurred, stating that she was “still 
operational and most anxious to get busy.” 
She also was awarded Croix de Guerre 
with Palme by France and was made an 
honorary Member of the Order of the 
British Empire (MBE). This painting 
currently is hanging in Langley at the 
CIA Headquarters."4 
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Transmit Circuit and Controls 

The transmitter is a crystal controlled, 
neutralized MOPA with an electron 
coupled oscillator multiplier and class C 
final covering 3-16 MHz. The crystal 
selector does not actually select crystals, 
because there is only one socket. It 
configures the oscillator type and 
feedback values to suit the frequency of 
the crystal for optimum performance. 
There is some over-design here, but the 
crystals could be made to oscillate and 
key without chirp in conventional and 
Tri-Tet modes. Some ham transmitter 
designs could benefit from this! The Wave 
Band Switch sets the frequency of the 
oscillator tank for fundamental or 
multiplier service. A single crystal could 
be useful on a night sked at 3755 kHz by 
utilizing straight through and then 
doubling the frequency to 7510 kHz for 
daytime. The Tune-Send-Receive switch 
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allows the transmitter to be tuned up to 
protect the final. In Tune, the RX HV is 
turned. off and. the 
disconnected, but all tubes are still lit. In 
Receive, the Transmitter HV is turned 
off and the aerial is now connected. In 
Send, the receiver HV is switched off. 
The meter selector handles the voltage 
and current measurements for OSC V, 
PA V, PA Grid, Osc. Grid, and PA Total 
Current. PA grid tuning is for fine tuning 
of the Wave Band Switch so as to give a 


peak grid current reading. Anode Tuning 
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is the plate tuning control and it is always 
used to dip the final. The Aerial Matching 
control is essentially a loading control. 
The system is a Pi network and it would 
work best with a quarter-wave to half 
wave length wire. So, 60 to 100 feet of 
wire was probably a good compromise 
for covering the 3 to 8 MHz range.” 
Receiver Circuit and Controls 
The relatively new American 7Q7 
Heptode and 7R7 pentode dual-diode 
Locktal types (1938 Sylvania) were a leap 


in miniaturization and 


November 2019 


forward 


CO) IF ORI . 


ruggedness. [hese were designed for land 
mobile and airborne radio equipment 
regularly subjected to vibration and 
shock; they stay put. These valves were 
likely sought out expressly by the SOE 
designers and the Mark II was one of the 
first sste designs to get them. The 
superheterodyne receiver in the set is 


located closest to the front of the case for 


ease in tuning. Under the chassis, it is 
divided into two unitized assemblies. The 
first is a multi-band, single-conversion 
frequency changer, realized with a 
pentagrid converter. The second unit 
features two stages of IF amplification, 
the first being a diode-pentode and the 
second, another pentagrid, allowing fora 
reflexed BFO. The IF Frequency is 470 
kHz and the transformers are dual-slug, 
powdered-iron with 7/45 Litz windings. 
The final receiver valve in the IF unit is 
the detector-audio stage and is also a 
diode-pentode, but this time one of the 
diodes is utilized, providing detection 
and automatic gain control, which is 
applied to the converter and the first IF 
stage. The fixed gain audio stage drives 
the headset through a small transformer. 
The volume control adjusts the bias to 
the same stages as the AGC, setting RF 
gain to control volume; the preferred 
CW system. So the receiver’s controls are 
limited to Band Change, Fine and Coarse 
Tuning, BFO Adjust and Volume. This 


is quite a step up from a Paraset!"* 


Ethics and Priceless Equipment 

ER featured a great article on what rare 
means, in terms of military radios, earlier 
this year [What is “Rare” by Dave Stinson, 
AB5S, ER #359, April 2019]. Unlike 
standard-issue military gear 
manufactured in the thousands or even 
hundreds of thousands, most of these 
sets represent a low volume workshop 


approach to development and 
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manufacture and many were destroyed 
purposely. The very successful B2 and 
the A Mark III sets are professionally 
wired and show signs of volume 
production at companies such as Marconi, 
but the surviving numbers are still quite 
low. The designers employed many 
commercial parts that simply cannot be 
expected to be viable after 80 years. Even 
restoration isa touchy subject. The proper 
response to a question on whether to 
attempt a repair and power up a set is 
simply beyond discussion: Absolutely 
Not! 

Museums and collections need to 
display and make available for research 
equipment thareis dotrect,. Totmy 
knowledge, nobody has attempted to 
make a reproduction, or better yet, a kit 
for a B2. Compared to the very simple 
Paraset replica (which took me over a 
year to gather enough of the authentic 
parts), these spy sets are far more 
sophisticated, with commercial wiring 
practices and specialized tuning 
assemblies, metal, and so on. So an actual 
reproduction is a big project. That said, 
some semblance of a B2 could be 
developed in a more modest kit form, for 
say 80 and 40 meters. I am looking 
forward to seeing someone attempt “A 
B2 Spy Radio You can Build.” 

War’s End 

On the 3rd of September 1944 the 
Lyon Connection ceased; Lyon was 
liberated. After returning to London from 
her latter assignments in 1944, Victoria 
Hall and an OSS team were sent back to 
the Lyon area to collect all of the cached 
sets, usually hidden near safe houses, 
which were used to replace captured 
radios.'* Several more months of intense 
fighting including the Battle of the Bulge 
would occur, until the war was finally at 
an end in spring, 1945. Sadly, at the very 
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end, many of the surviving SOE 
operatives were mercilessly slaughtered 
in the camps. Despite the successes and 
doubling of hundreds of radios seized in 
each year of the war by the German 
hunters, the fact is that the number of 
agents and sets kept arriving, and 
ultimately the effort was not enough to 
stem the highly effective D-Day 
preparation sabotage.'” The first modern 
electronic intelligence and warfare battles 
were now history. Spy radios of all types 
were now going to play an even greater 
role in the coming cold war. 
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Heads Up Announcement! 

If you boatanchor guys in the Midwest really wanted to attend the W9DYV Radio 
Symposium in past years but didn’t relish so long of a drive, fret no longer — the 
Symposium 1s coming near you! 

Next year, boatanchor/restoration enthusiasts, historian-hobbyists and those wishing 
to hone new skills will have two venues to choose from: Winterfest 2020 in St. Louis 
and our New Orleans home base. 

Already we have a great cast of speakers lined up to present important topics that 
involve SDR design, vintage gear restoration, Rob Sherwood’s latest HF rig performance 
observations and, for the heavy metal crowd: Bob Allison’s Gates BC-1T restoration. 

Pencil in January 24" and 25". Plan now to be in St. Louis to network with fellow 
restoration/homebrewers and enjoy a truly fun hamfest. Forum schedules will be 
posted soon at www.ce-multiphase.com. For more info about Winterfest, please visit: 


winterfest.slsrc.org/ 


(Comments, from Page 1) 

Equipment Disposition 

At Electric Radio, we get frequent phone calls and email about what to do with excess 
radio equipment and how to dispose of it in a responsible manner. As it turns out, there 
are several reputable small businesses that will pick equipment up and offer it in their 
auctions, or in some cases will pay for it directly and sell it at a later time. Their services 
are not limited to just radio equipment, be sure to ask about other collectibles. 

The first one is David Schulman at Schulman Auction and Realty. Although David 
is a frequent advertiser, I have purchased equipment in his auctions and found them 
to be totally honest. They are in the Midwest and offer pickup services, see the rear 
cover of each issue of ER for contact information. 

The second company is Ham& HiFi in Nevada. Ethan Brizendine (KG7LOV) has 
been an ER advertiser in the past and has a good reputation. Their contact information 
is on the Internet, www.hamandhifi.com or 1-886-988-0073, and they do travel 
within the US with a pickup service. 

Another company in the Midwest is HamEstate with pickup service. I don’t know 
too much about them but are reported to be reliable. 1-833-891-0074 or the Internet 
at www.hamestate.com. 
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Men Who Have Mad 
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e Radio: G.W. Pickard 
Originally Appearing in the April 1930 Issue of Radio Craft 


Magazine 


Original Magazine Scan Courtesy of 
Gary Halverson, KOGLH 


To cajole that coy dame, Science, into 
making herself useful in the world, there 
is needed not only keen reasoners and 
brilliant inventors, but the possessors of 
that genius which has been defined as an 
infinite capacity for taking pains. The 
subject of this brief biographical sketch is 
a man who has exemplified all three of 
these indispensable characters, in his life 
work of developing radio from a 
mysterious feat of advanced engineering 
to a household necessity, for even the 
humblest house. Even today, there are 
millions throughout the world who still 
rely for their share, in’ the benefits of 
radio, upon the simple crystal whose 
magical properties he discovered. 

Greenleaf Whittier Pickard, a 
erandnephew of the poet for whom he 
was named, was born at Portland, Maine, 
February 14, 1877. Educated at Harvard 
and M. I. T., he turned his attention as a 
young man to radio, Under the auspices 
of the Smithsonian Institution, he 
experimented in “wireless” at the Blue 
Hill Observatory, near Boston, in 1898; 
and later worked with the A. T. & T. Co. 
on the problems of telephony. 
Theoretically, the experiments were 
successful; but the means of obtaining a 
suitable carrier wave and a suitable 
amplifier were to be provided only years 
later. 

At that time the detector presented the 
most trying problem to radio men. The 
fundamental defects of the coherer were 
obvious to all; and Pickard devoted his 
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attention to this subject most fruitfully. 
He found in 1902 that a contact between 
a steel point and a carbon block added 
highly to the sensitivity of a receiver. 
Pursuing experiments with all manner of 


substances he determined the 
extraordinary sensitivity of the crystal; 
and thereby made possible radio reception 
with simple and inexpensive apparatus. © 
During the next four years no less than 
31,250 combinations of minerals and 
metals were tried by him, to determine 
which affected the most satisfactory 
results. To this day, as we have said, the 
simple crystal set affords immeasurable 
pleasure to thousands of listeners in this 
country; as well as to millions abroad, | 
where costly multi-tube set is still beyond 
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the reach of the masses. The crystal detect 
has merits which still commend it to 
many radio experimenters as a part of 
pretentious circuits. 

In the early days, as now, static was 
recognized as the deadliest enemy of radio 
reception, and Pickard constituted 
himself its most persistent foe. In 1902, 
he began research work on the loop 
antenna as a means not only of obtaining 
strong signals from the desired station, 
but also of eliminating atmospheric 
“strays.” His studies led the development 
of the radio compass which he 
demonstrated before the representatives 
of the United States Navy in 1907. 

‘His continued work in the study of the 
propagation of radio waves, natural and 
artificial, though less known to the public 
than his earlier discoveries, has been most 
important in the progress of both practical 
and theory of radio. 

In 1917, he was able to place at the 
disposal of the government an improved 
antenna system, which made possible 
O00 stenmeucteception! jof...nadio 
communication from Europe in a trying 
time, when other means failed. 

Among the most interesting of his 
discoveries in later years have been those 
of the singular distortion of radio waves, 
particularly of short wavelength, while 
passing through the atmosphere, and of 
the definite influence of the activity of 
the sun upon radio reception. At present 
known to radio engineers and amateurs 
(to whom he has always been an active 
ally) they are less familiar to the rank and 
file of radio fans than his earlier work: 
but it is hard to appraise too high the 
importance which they will bear in a few 
years, when the fields of radio usefulness 
are extended to an extent whose limits it 
will be unsafe to prophesy. 

Dr. Pickard’s services to radio have 
been recognized by those best qualified 
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to judge in his election to the presidency 
of the Institute of Radio Engineers, and 
by the award to him in 1926 of that 
organization medal of honor, The roll of 
scientific societies of which he isa member 
is long and formidable; it may be only 
added here that he has been chosen in 
recent years a research associate of the 
Carnegie Institution, in cooperation with 
which he is pursuing his studies. He is the 
holder of over a hundred patents, 
American and foreign, on electrical and 
radio inventions. 

[Editor’s Notes: Pickard discovered that 
a sample of fused silicon obtained from 
Westinghouse produced an excellent 
detector and he received a patent on it in 
1906. 

During 1925, Dr. Pickard was involved 
in experiments that involved radio 
propagation as it related to a solar eclipse 
that occurred January 24, 1925. Several 
stations were set up, transmitting CW on 
frequencies from 57 kHz up to 4 MHz. 
Graphical recordings were made at 
receiving sites. Subsequently, Pickard was 
awarded the Institute of Radio Engineers 
Medal of Honor in 1926 “For his 
contributions as to crystal detectors, coil 
antennas, wave propagation and 
atmospheric disturbances.” 

He continued to 
propagation while serving as a consultant 
at RCA and published further papers on 
the effects 
propagation, and early analysis of the 
effect of sunspots and atmospheric 


investigate 


of metor showers on 


pressure and temperature on reception 
over many octaves of the spectrum. 

He became a Fellow of the Radio Club 
of America and was awarded its Armstrong 
Medal in 1941. 

He passed on January 8, 1956, at age 
78, in Newton, MA. 
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An “ALC” Box for Power Control of a Transmitter 


By Jeff Covelli, WA8SAJ 
5368 Melody lane 
Willoughby, Oh 44094 


wa8saj@gmail.com 


I know Electric Radio is meant for older 
gear and this article will cover that, but 
this project started out with a new radio 
I purchased for repairing the older gear 
and it replaced four test boxes that took 
up a lot of room on the service bench. 
Having the new radio worked out so well, 
I purchased a second radio for operating 
AM in the ham shack and I had to write 
about it, so here is some enlightening 
info. 

See figure 1: the “ALC” box started out 
as a power control for a new solid-state 
radio that we have heard about lately, the 
Icom IC-7300! and I wanted to use it on 
AM. As I started this project, another 
thought came to mind, if this worked 
with the new gear; it should be nice to 
control power output on the Collins, 
Drake, and most every transmitter with 
an ALC input jack on the back panel. 


Overview 


See figure 2: First, an overview on 
what is Automatic Level Control or ALC is 
presented. ALC is a small voltage (0 to - 
4 volts D.C.) that is developed from the 


transmitter or transceiver final power 
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amplifier and fed back to the early IF 
stages where it can inject a small voltage 
change to affect the power output of the 
final power amplifier. On voice peaks, 
this voltage will vary at an audio rate for 
SSB, plus for AM the audio rate is also 
there and this will cause a pumping action, 
which will sound distorted. Now, if you 
could manually control the ALC, then 
this would preset and limit the amount of 
power output at a steady state. 

As a bonus for this set up; if you use 
your transmitter or transceiver to drive 
an external power amplifier such as the 
Heathkit SB-200, Collins 30L-1, etc., 
they are required to have an ALC output 
(0 to -4 volts D.C.) to feed back to the 
driver transmitter or transceiver and 
automatically reduce power on voice 
peaks. Now, if you could manually adjust 
the 0 to -4 volts D.C., this could be used 
to control the drive power without having 
to put in attenuator pads, or detuning 
your transmitter. 

Solution 

Pll start off with the new IC-7300 that 
has a good reputation for all modes of 
operation — including AM. One problem 
with most of these new rigs running this 
type of low-drive AM, as compared to the 
big transmitters with plate modulation, 
is that the power output will drop or 
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pump on voice peaks, as I mentioned 
earlier, and this causes terrible distortion. 
There are very few rigs that can disable 
the ALC without going in and modifying 


them internally. 
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See figure 3 and 4: I happen to have 
one such radio that does this — the Elecraft 
K-3? including all of their radios 
manufactured. They have the ability to 
disable ALC on the front panel and it 
certainly works very well. 

See figure 5: | thought that if I were to 
find a way to develop a negative voltage 
and feed it into the ALC input jack on 
the back of the radio this might work — 
and it does. The solid state rigs are very 
touchy in trying to put this small voltage 
into them, sol would recommend a multi- 
turn potentiometer vs. a standard pot. I 
only had a few pots to try with most not 
being multi-turn type, so I used a 500k- 
ohm pot as seen in the schematic. You 
could try a combination of values to 
come up with the 0 - 4 VDC as I did. 

See figures 6 and 7: | had a wall wart 
with an output of 0 to +6 VDC and 
installing it into the plastic box worked 
great. Reversing the voltage leads at the 
input jack so the +6 VDC now became 
the ground side provided an output of 0 
to -5 VDC to work with, after it goes 
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" ALC " CONTROL BOX FOR HOLDING TRANSMITTER POWER OUTPUT 
"STEADY" FOR DRIVING LOW EXCITATION AMPLIFIERS 


32S-3A 
Transmitter 
ALCINPUT © 


KWM-2A 
Transceiver 


ALCINPUT © 
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Power Input 
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Figure 5 


through all the circuitry. I got the bright 
idea, this could work with most of the 
radios I had in the ham shack. I acquired 
a four position switch, and having 
installed it, selecting the four radios 
Collins S-line, KWM-2A, Drake TR- 
4CW/RIT, and the IC-7300, made this 


a breeze to work with. 

I used a Radio-Shack? plastic box that 
was purchased recently from a new Radio 
Shack store in Ashtabula, Ohio. As a side 
note, there are hundreds of these new 
stores now that they are divorced from 
Sprint. This store I went to had all the 


- — 4 VDC 
- N 


Figure 6 
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: Filter Cap , 


| Pico Fuse 


Figure 7 
panel, which is nice, but for AM operation 
most new radios must NOT exceed 20 % 


parts needed for the project and as I 
looked around the new store it certainly 
brought back great memories of the Radio 
Shacks of the past with walls full of parts; 
this store is completely full. 

The wall wart feeding the ALC box can 
be replaced with three “AA” batteries (3 
a SuvwC = 45 VDC) in aplastic 
battery case and will work fine also. | 
reversed the leads so ground is positive 
and the negative DC voltage is filtered 
with an electrolytic cap, since many of 
the wall warts don’t filter very well, plus 
I added an LED lamp so I know when it 
is on, and included a 375 mA pico fuse in 

‘case there was a problem down the line 
for protection. The 500k potentiometer 
I used is one I had handy in my junk box, 
and it works, but can be touchy with the 
newer transmitter, with the older tube 
transmitters there is less of a problem and 
it works great. 

Operation with New Radios 

The new radios for all modes only need 
to set the power control on the front 

Electric Radio #366 


(20 watts) of the full power output (100 
watts). This power setting is without 
modulation applied — just steady power 
output. Most hams drive an external 
amplifier for operating AM and now we 
are talking maybe 10 watts out and this is 
nice for the power amplifier inside the 
driver and usually the ALC will engage 
depending on the radio. When the ALC 
engages the power output will fold back 
causing distortion with a pumping action 
causing havoc with the person on the 
other end that is trying to listen to you. 
Also you will see the wattmeter swinging 
downward, not the best operating 
method. 

I set up the IC-7300 for about 80% of 
full output, then turn on the “ALC” box 
and very slowly turn up the ALC output 
control until the power output drops to 
10 to 20 watts steady on the IC-7300. 
With the steady-state power output set, 
now when I speak into the microphone 
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and drive an external amplifier, the power. 
output holds steady with upwards 
modulation showing up on the wattmeter 
and a good scope reading on my Heathkit 
SB-610 scope in series with the antenna 
line. Usually I run 100 watts of steady 
carrier jwith jan amplifier before 
modulation is applied. Having a scope in 
the shack helps to adjust the audio output 
and without the “ALC” box you can see 
the scope shrink to almost nothing on 
voice peaks, so with the box engaged a 
good audio report is achieved. I have 
used this system on many tube type 
amplifiers along with the two solid-state 
amplifiers I have here in the ham shack — 
an Elecraft KPA-500* and Palstar LA- 
1K°. The actual ALC voltage measured 
on the IC-7300 ALC jack is about -1.5 
VDC, but this will depend on the band 
used. 
Operation with Older Gear 

See figures 8 and 9: As a bonus, having 
done the first “ALC” box, I hooked up 
the same box to my Drake TR-4CW and 
found that using it on SSB / CW or AM 


I could now drive my low drive amplifiers 


ve power 
med "on" 
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with low power and not have to use an 
attenuator pad or adjust the driver tuning 
to lower the drive power, which can be 
tricky. As seen in the pictures, the TR-4 
driver is only at around 200 mA plate 
current with about 30 watts drive into 
the amplifier, then you can see the full 
output over 1000 watts. The steady state 
of the ALC keeps the drive power at alow 
level so much so, that if you still wanted 
to use the ALC from the amplifier you 
could, but now it’s really not needed. I 
recommend using a “peak-reading” 
wattmeter for setting up the “ALC” box, 
since older transmitters/transceivers 
usually only apply ALC on SSB. You will 
have to tune up as you normally do into 
a dummy load at full power with no 
amplifier, then switch to SSB and as you 
speak into the microphone, set the 
microphone gain as you normally would 
(I use a scope), then adjust the ALC 
control from the “ALC” box for the power 
needed to drive the amplifier, then check 
the output of your amplifier and now you 
have a perfect setup for your low drive 
amplifier without any hassle. Now if you 
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are running AM with your older tube 
transmitter/transceiver, this also will work 
great, since some of these will have some 
ALC trying to hold back power on AM 
just like the new radios, so the “ALC” 
box will keep your output steady and no 
more folding back power on voice peaks! 

The Collins S-line that I have ts 
modified for AM transmit and the “ALC” 
box does a good job of keeping the power 
output low and steady for good sounding 
AM — and also for SSB. For the Collins 
KWM-2A and Drake TR-4 CW, it works 
great because it does the same by 
controlling the drive power for the solid- 
state or low-drive tube amplifier. 

Conclusion 

I have had many folks ask how to turn 
drive power down on the older HF gear 
and it has made it hard to explain to folks 
just how to do it. Just turning the 
microphone gain down will not do it 
correctly; I use the early drive stage tuning 
method and maybe this is not the perfect 
way, but for years I have done it with no 


problems and using a spectrum analyzer | 
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to check for spurs, it’s very clean. Now 
with the “ALC” box, you are really doing 
it the best way, since the ALC voltage is 
applying right to the early stages as 
engineered by the manufacturer, but ina 
steady state. I know that using the new 
radio to start this article might have gone 
out of the norm, but it got me thinking 
about the older HF gear and it certainly 
worked out for me. The cost is minimal 
and the “ALC” box is a nice addition to 
the ham shack and it works well, so try it 
you will like it. Some hams heard I was 
writing about this ALC box and I wanted 
to get the info out before winter in case 
you re looking for a project. 
Footnotes: 
1. http://www.icomamerica.com/en/ 
amateur/ 
2. K-Line Transceivers — Elecraft 
3. Radio Shack 
4. KPA500 500W Amplifier — Elecraft 
5. Palstar - LA-1K RF Sensing Dual 
HF LDMOS 1000 Watt Amplifier 
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VIN TAGE N ETS 


AM Carrier Net: Oar mornings, "8:30AM local Eastern time, 3835 ke. QSX W2DAP. Friendly format. 

Antique Wireless Association AM Net: Sunday 16:00 EST, 3837 kc; Sunday 19:00 EDT. QSX Joe, W3GMS 
Arizona AM Nets: Sat & Sun: 160M 1885 kc @sunrise. 75M 3855 kc@6 AM MST. 40M 7293 kc 10 AM MST. 6M 50.4 
Mc Sat 8PM MST. Tuesday: 2M 144.45 7:30 PM MST. 

Boatanchors CW Group: QNI “CQ BA or CQ GB” 3546.5, 7050, 7147, 10120, 14050 kc. Check 80M winter nights, 
40 summer nights, 20 and 30 meters day. Informal nightly net about 0200-0400Z. 

California Early Bird Net: Sat. mornings @ 8 AM PST on 3870 ke. 

California Vintage SSB Net: Sun. mornings @ 8AM PST on 3860 +/- 

Colorado Morning Net: Informal AMers on 3875 kc daily, Mornings Only at 6:00 AM MT MT, QSX 
K@OJ. Also try Sunday morning at 6:00AM MT on 3885. 

Collins Collectors Association Nets Quoted from the 8/18 CCA Signal Magazine: Sunday 14.263 Mc @ 2000Z. SSB nets 
held Tue.& Fri. 3775 kHz, 8:30 - 10:00 PM CT. Fridays 3895 kHz PM PT. The CCA First-Wednesday AM Night: check 
+ 3880 kHz at 6 - 8 PM in the East, 7 PM in the Central and 8 PM in the Mountain and Pacific time zones. 

Drake Technical Net: Sunday 7238 kc, 4PM Eastern. QSX Jeff (WA8SAJ), Mark (WBOIQK), Doug (W9IDCQ), Bob (W4WTO), 
Evan (K9SQG) Drake Users Net: Check 3865 kc, Tue. nights @ 8 PM ET. QSX Evan (K9SQG) Drake WestCoast Net: 3895 
KHz +/- QRM, Thursdays at 8:00 PM Pacific Time 

DX-60 Net: Meets on 3880 Ke @ 0800 AM, ET on Sun. OSX Steve, W8TOW 

Eastern AM Swap Net: Thu. evenings on 3885 kc @7:30 PM ET. Net is for exchange of AM related equipment only. 
Florida AM Group: Sunday Morning Roundtable 3885 kc, 6:30AM Eastern Time, with 6AM Eastern Time pre-net. QSX 
for both nets Warren, WI1GUD 

Fort Wayne Area 6-Meter AM Net: Meets nightly @ 8 PM Local ET 50.580 Mc. Modes: Tues: SSB, Wed. FM, Thurs, AM.A 
| ong-time net, meeting since the late ‘50s. Most members use vintage and homebrew equipment such as a G-50 on AM! 

Gulf Coast Mullet Society: Thu. @ 6PM CT, 3885 kc, QSX control op W4GCM in Pensacola. 

Grey Hair Net: A continuous active net since 11/24/1953! 160 meter AM Tue. evening 1945 kc @8:00 PM EST and 8:30 EDT. 
Heathkit Net: Sun. on 14.293 Mc 2030Z right after the Vintage SSB net. QSX op W6LRG, Don. 

K1JCL 6-meter AM repeater: Operates 50.4 Mc in, 50.4 Mc out. Repeater QTH is Connecticut. 

K6HQI Memorial 20 Meter Net: Now meeting Only Wed, 5PM PT, 14.330 Mc. Listen for Clark (KE7TRP in AZ) and 
KB3RHR in PA. Many newer AM’ers have found this net! 

Lake Erie Boatanchor CW Group (LEBN): Saturdays @9 AM ET on 7092 kc. QSX op Ron (W8KYD) or Jeff (K3KYR) 
Midwest Classic Radio Net: Sat. Mornings 7:30 AM, CT, on 3885 kc. Only AM checkins. Swap/sale, hamfest info, tech info. 
QSX John, K9KEU. For info email NICQX@hotmail.com. 

Mighty Elmac Net: Wed. @8PM ET (not the first Wed., reserved for CCA AM Net), 3880 kc. QSX: Rex WA6GYC 
MOKAM AM’ers: 1500Z Mon. thru Fri. on 3885 kc. A ragchew net open to all interested in old equipment. 

Northwest AM Net: AM daily 3870 kc 3PM-5PM winter, 5-7 PM summer, local. 6M @50.4 Mc. Sun., Wed. @8:00 PM. 2M 
Tues. and Thurs. @ 8:00 PM on 144.4 Mc. 

Nostalgia/Hi-Fi Net: Started in 1978, this net meets Fri. @7 PM PT, 1930 kc. 

Old Buzzards Net: Daily @10 AM ET, 3945 kc in the New England area. 

Old Military Radio Net: East coast, Sat. mornings starting 0500, 3885 kc +/- QRM. QSX Ted, W3PWW. It isn’t necessary to 
check in with military gear, but that is what this net is all about. Late checkins are welcome. 

Philadelphia Area 6 Meter AM Net: Every Wednesday night 9PM, about 50.400. QSX Steve, K3ALV 

Southeast AM Radio Club: Tue. evening swap, 3885 @7:30 ET/6:30 CT. QSX op Andy (WA4KCY), Sam (KF4TXQ), Wayne 
(WB4WB). SAMRC also for Sun. Morning Coffee Club Net, 3885 @7:30 ET, 6:30 CT. 

Southern Calif. Sun. Morning 6 Meter AM Net: 10 AM on 50.4 Mc. QSX op is Will (AA6DD). 

Swan Nets: Users Net Sun 2100z 14.293Mc+/-QRM. QSX op rotates Jim (WA5BDR), Ron (KC7PSY), Bill (W4WHW), 
Jay (WB6EMWL). Tech Nets: Mon 2300z 14.252Mc QSX op Steven (KB7BGS) / Sat 2-4pm ET 7.235Mc QSX op Stu (K4BOV) 
Texoma Trader’s Net: Sat. morning 8:00AM CT 3890 kc, AM & vintage equip. swap net. 

Vintage SSB Net: Sunday 1900Z-2000Z 14.293 & Wednesday 0300Z. Net Control Rotates, QSX Lynn (K5LYN), 
Andy (WBOSNF) or Al (W8UT), Roger (KD7HH), and Mike (N6CMY). 

West Coast AMI Net: 3870 kc Wed 7PM PST 8PM PDST. Early check-ins: Skip (K6LGL) 6PM PST 7PM PDST. Net 
control rotates: Brian (NI6Q), George (WA6HCX), Sharon (K6IRD), Steve (KF6SYD), Vic (K6IC). 

Westcoast Military Radio Collectors Net: Sat. 6:00PM PT, 3985 kc + QRM. QSX Dennis, KD6TKX. www. mrcgwest.org 
West Coast Vintage Military Radio Net: Sunday at 8 AM local Pacific Time, 3974 kc AM 


Wireless Set No. 19 Net: Second Sun. 7270 kc (+/- 25 Kc) @ 1800Z. Alternate 3760 ke, +/-25 kc. QSX Dave (VA3ORP). 
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The EFJ Viking Desk Kilowatt Gets a 
Picture Window! 


By Joe Eide, KBOR 
2623 Clare St 

Eau Claire, WI 54703 
jbeide@charter.net: 


Owning a Johnson Viking Desk 
Kilowatt is a real pleasure. 
When I was in the hunt for an 
affordable unit, I decided to start 
collecting some parts for spares. Not 
finding the right unit, I finally ended up 
assembling my Desk KW from the parts 
collected, including three donor 
Kilowatts. After the project was finished 
and painted, I took care to keep it looking 
good. I had some plate glass cut to protect 
the easily dented Linoleum top on the 
desk and also a piece to go between the 
exciter and the pedestal. After operating 
the old girl, I would faithfully install the 
protective metal cover back in place on 
the picture frame type support over the 
control panel in the pedestal. 
While operating one morning, it 


occurred to me that I almost always use 
the Desk on the same frequency with my 
friends. So that means that while I want 
to keep an eye on the metering, I really 
don’t need access to the upper controls 
every time I operate. 

So that all said, I had a piece of 3/16" 
plate glass cut and the edges polished to 
the same size as the original metal control 
cover. (17 1/8" x 14 5/16") I decided to 
forgo the finger hole as it might have 
compromised the strength of the plate. 
Instead, I installed two “Hafele” brand 
glass door pulls, that slip over the edge of 
the glass at the front corners. This allows 
me to safely remove the plate when 
needed. 

I’m very pleased with the results. Now 
my guests and I can enjoy the beauty of 
the control panel, while still protecting 
it. 


“... just running my little Ranger sitting 
here on the desk!” 
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Low-End AC/DC Shortwave Receivers with a 
“Hot Chassis” 


By George Misic, KE8RN 
1936 Duncan Avenue 
Allison Park, PA 15101 


ke8rn@comcast.net 


Introduction to the Topic 

Many low cost AM radio receivers made 
during the vacuum tube era were built 
without a power transformer to lower the 
cost of the receiver set; the same thing 
was done after black and white televisions 
(and later color sets) became popular and 
manufacturers sought hard to reduce 
product cost. The same quest for lower 
product costs eventually hit the market 
for shortwave listeners and beginner’s 
amateur radio receivers, and so these 
lower-cost receivers were built without 


AC power transformers. This made them 
potentially hazardous under certain 
situations because one side of the AC line 
was internally connected to the internal 
common DC power supply ground. 
Hallicrafters: S-38 Family 

The very popular Hallicrafters S-38 
receivers that introduced many people to 
frustrating SWL listening and amateur 
radio many users years ago employed 
only five tubes and no power transformer. 
The earliest S-38 was introduced right 
after WWII in 1946 to a receiver-hungry 
America initially used six tubes, a 12SA7 
self-oscillating mixer, often called a 
converter, a 12SK7 intermediate 
frequency (IF) amplifier, a 12SQ7 


combined beat frequency oscillator 


cabinet styles and colors, from 1946 until 1961. All were AC/DC sets with no power 
transformer and were basically a broadcast band set with shortwave coils and simple 
transformer selectivity. The receiver in this photo is the 1947-1950 “A” model with 
no CW pitch control or noise limiter switch. 
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(BFO) and noise limiter (NL), a second 
12SQ7 AM detector, first audio voltage 
amplifier, and automatic gain control 
(AGC), 35L6GT audio output, and 
35Z5GT rectifier. The filaments were 
wired all in series, adding up to 117 volts, 
and were ideal to be powered directly by 
the AC line of 110-120 VAC. 

The S-38 family went through six 
different versions from 1946 to 1961; all 
were AC-DC receivers with a hot chassis 
and no power transformers. Starting in 
1947, the S-38A became available using 
the more common five tubes, a 12SA7 
converter, a 12SK7 amplifier and BFO, a 
12SQ7 detector, AGC, and audio voltage 
amplifier, a 5|0L6GT audio output stage, 
anda 35Z5GT rectifier tube. The S-38B 
from 1948 to 1952, the S-38C from 
1952 to 1954, and the S-38D from 1954 
to 1957 all used the same vacuum tube 
lineup as the S-38A. By 1956 until 1961, 
the S-38E was sold; it used the newer 7 
pin miniature tubes. The tube lineup in 
the S-38E was a 12BE6 converter, 12BA6 
IF amplifier and BFO, a 12AT6 detector 
and audio voltage amplifier, a 50C5 audio 
output , and a 35W4 rectifier tube. For 
many SWLs and new hams, these receivers 
were their introduction to SWL and 
amateur receiver. These receivers 
probably frustrated many of their users; 
their selectivity and BFO left a lot to be 
desired; the only gain control was an 
audio gain control, as they had no RF 
gain control, so the BFO and incoming 
signal could not be adjusted to be in 
proper relationship to one another. 

Larger AC/DC Receivers 

Hallicrafters had two more deluxe 
receivers with no power transformers; 
the S-51 and S-52 both premiering in 
1948. The S-51 covered 132 kHz to 13.0 
MHz and used 10 tubes but no power 
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transformer. The S-52 covered 530 kHz 
to 43.0 MHz and featured 8 vacuum 
tubes, also with no power transformer. 
The S-86 receiver was an AC-DC 
transformerless version of the S-85 
receiver; the S-86 substituted a 25L6 for 
the 6K6 audio output tube and a 2524 
for the 5Y3 rectifier. A ballast tube was 
added so the tubes could be operated by 
the 117 volt AC or DC power line. 
The S-120 Family of Receivers 

Hallicrafters billed the S-120 shortwave 
receiver as the “world’s most popular 
shortwave receiver” and it probably was. 
It was on the market from 1960 to 1963 
and was made both in the USA and 
Japan. It used four tubes and a selenium 
rectifier; a 12BE6 converter, 12BA6 IF 
amplifier and BFO, 12AV6 detector and 
audio voltage amplifier and a 50C5 audio 
output stage. The SW-500 from 1961 
was the same receiver but with a blue 
metal cabinet. The later S-120A and other 
similar receivers were solid state, not 
vacuum tubes, and did use a power 
transformer. 

The S-200 and S-210 

In 1965, Hallicrafters introduced the 
S-200 receiver that was similar in overall 
design as the S-120 but was a distinct, 
separate product for SWL use only, as it 
lacked a BFO to allow CW or SSB 
reception. It used three 12 volt filament 
tubes plus a 50C5 audio output tube; a 
silicon diode was used as the rectifier. 
The S-210 hada different look and added 
the FM broadcast band to the frequency 
coverage but still lacked a BFO for CW 
reception. Both the S-200 and S-210 
covered from the AM broadcast band 
and shortwave up to 15.55 MHzonly; no 
coverage to 30 MHz like the S-120 was 
included. 
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Other Hallicrafters Products 

The pricier Hallicrafters receivers with 
improved selectivity, bearing an “X” in 
the model number, appear to have escaped 
being AC/DC designs. The S-120 was 
sold under other model numbers than 
just the SW-500; it was reincarnated as 
the WR-600G and WR-1000 that used 
the AC/DC design. Other receivers in 
the WR series were either solid state or 
vacuum tubes but all with power 
transformers. 

Hallicrafters acquired Echophone in 
1936 through a business partnership with 
Ray Durst, an executive at Echophone; 
they were a manufacturer of AM 
broadcast receivers that ran into financial 
difficulties ines the, mid-1930s. 
Hallicrafters moved into the Echophone 
plant and revived the Echophone name 
for their low end models. Starting in 
1941, Hallicrafters introduced the 
Echophone model EC-1 followed by the 


EC-1A in 1942, lasting until 1945 with 
the EC-6. The receivers used a hot-chassis 
design using six tubes with the filaments 
in series. They became the Hallicrafters 
S-41G in 1945 with a few changes. The 
Hallicrafters S-41G led to the release of 
the similar S-38 receiver which was very 
successful. [Echophone had a valuable 
RCA superhet license that Bill Halligan 
acquired, which enabled him to move 
into higher quality receiver production. ] 
National’s AC/DC Receivers: 
The NC-80X and NC-81X 

The NC-80X and NC-81X from 1937 
to 1939 were National’s first AC/DC hot 
chassis receivers; the NC-80X was a 
general coverage receiver, the NC-81X 
covered only the amateur bands from 
160 to 10 meters, but without the 15 or 
11 meter bands. Both receivers included 
single crystal filter and used 10 vacuum 
tubes. Both receivers used a 6L7 mixer, 


6J7 local oscillator; ahreewOK? elt 
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The Echophone EC-1A Commercial was produced from 1942-1946. Its 


basic 


design became the Hallicrafters S-41G Skyrider Jr. in 1945. 
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amplifiers, 6C5 detector, 6B8 AGC and 
audio voltage amplifier, 6J7 BFO, 25L6 
audio output, and 25Z5 rectifier. I must 
assume National added two or three dial 
lamps to the tubes across the AC power 
line, as the tubes total only a bit over 100 
volts in series. The NC-81X may be the 
first receiver to cover only the amateur 
receiver bands without being a general 
coverage receiver. 

The NC-44, NC-45, and NC-46 

The National Company Inc. built AC/ 
DC hot chassis receivers from 1942 that 
were quite a bit higher in performance 
and price than were the offerings from 
Hallicrafters. The NC-44 and NC-45 
family, beginning in 1942, offered AC/ 
DC hot chassis models starting at around 
$50.00. In 1946 the NC-46 became 
available. The NC-45 used eight tubes, 
all octals and some with caps on top; 
these were a GK8 converter, 2 6L7 IEF 
amplifiers, a GSQ7 detector, AGC, and 
audio voltage amplifier, a 6H6 automatic 
noise limiter (not used on the NC-44), a 
6J7 BFO, a 25L6 audio output tube, and 
a 25Z5 rectifier. The NC-46 shuffled the 
tube distribution a bit; the 6L7 IF 
amplifiers became one 6SG7 tubes 
without a cap terminal and one 6SF7 IF 
amplifier and detector, 6SJ7 BFO (also 
without a cap terminal), 6SC7 audio 
voltage amplifier and audio phase 
inverter, two 25L6GT push-pull audio 
power output tubes, and 25Z5 rectifier. 

The NC-33 

In 1948, National premiered a new 
front panel look on the NC-33 that also 
had a built-in speaker. The NC-33 had 
only six tubes but none with plate caps; a 
12SA7 converter, a 12SG7 IF amplifier, 
a 12H6G detector and automatic noise 
limiter, a 12SL7 audio voltage amplifier 
and BFO, a35L6GT audio output stage, 
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and a 35Z5GT rectifier. 
The SW-54 

For 1950, National introduced the SW- 
54, one of the first receivers to use the 
new 7 pin miniature tubes designed for 
series connection across the AC line on 
AM broadcast band receivers. The SW- 
54 used a compliment of five tubes, a 
12BEG converter, a 12BA6 IF amplifier/ 
BFO, a 12AV6 detector and audio voltage 
amplifier, a 50C5 audio output tube and 
a 35W4 rectifier. 

The NC-60 and NC-77X 

These two receivers were very similar; 
both used the same set of tubes as the 
SW-54 did, and in the same locations 
with the same functions. The NC-60 was 
a very nice version of the SW-54 type of 
receiver; I used one alongside my bed for 
years for late night listening. It sold for 
$60.00; the slightly larger NC-77 was in 
a blue cabinet for $70.00 or could be had 
in a real walnut cabinet for $90.00. 

Other Brands 

Hammarlund, as far as I can determine, 
did not make any AC/DC hot chassis 
receivers; neither did Drake, RME, and 
of course Collins never did. Heathkit 
appears to have used power transformers 
in all of their SWL and amateur receivers; 
the GR-81 was a low cost regenerative 
SWL receiver that used a 50C5 and 35 W4 
tubes usually used in receivers using an 
AC/DC hot chassis design, but Heathkit 
used an isolation transformer in the 
receiver despite it being low kit cost. The 
Heathkit GR-91 similarly used vacuum 
tubes usually used only in hot chassis 
transformerless receivers but the GR-91 
uses a power transformer with the tubes 
lit by the secondary of the transformer, 
very odd circuit idea! 
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Lafayette KT-200 Receiver Transformer Replacement 


By Tom Lewis, N4TL 
Raleigh, NC 
n4tl2@yahoo.com 


Figure 1 shows the Lafayette KT-200 
receiver that I purchased in 2011. It was 
not working and needed new electrolytic 
capacitors. I also had to clean the band 
switch, the slide switches, and do an 


a oss : = 


alignment. Ifyou want more information 
about the KT-200, see Electric Radio 


#302, September 2014. ER #304, 
September 2014, page 36, has a diagram 
showing where the alignment points are. 

I have been listening to it off-and-on 
for the last few years. Earlier this year the 
power transformer shorted and got very 
hot. I could smell the heat coming from 
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Figure 1, the Lafayette KT-200: Lafayette Radio was started back in 1921, but was 
sold in bankruptcy in 1980 during hard times for them. Their first receiver was the 
Commercial 9, a licensed 9-tube superhet of 1935, available as a kit or fully wired, 
as was the KT-200. The KT-200 cabinet was similar to Hallicrafters’ S-38, but the 
Lafayette had much higher performance. Accessories included two different speakers. 
There was also an European version, a Jennen 9R-4J. 
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it. After searching for a 
replacement transformer and 
not finding a suitable one, I 
decided to use two modern 
transformers, one for the 
filaments and one for the high 
voltage. 
Figure 2 shows the two new 
transformers installed in the 
| radio and the old one next to 
| it. 
Figure 3 shows how they 
look with the chassis in the 
cabinet. The tube next to the 
transformers is a 5Y3 rectifier. 
It’s not used anymore but the 
radio looks better with it 
plugged in. 

I purchased the new 
| transformers from Antique 
| Electronic Supply. The 
filament transformer is a P- 
T1-66N6, 6.3 VAC at4 amps. 
The high voltage transformer 
is a P-TN-G68X, line isolation 
| transformer. I used four 
| 1N4005 diodes to make a full 
| wave bridge rectifier. 

I measured the filament 
voltage to be 7.1 VAC with 
125 VAC mains voltage. I 
calculated that by adding a 
one-quarter ohm resistor to 
the output of the filament 
transformer the voltage would 
| be 6.3 at the tubes. I added 
four one-ohm, one-watt 
resistors in parallel and the 
voltage was right at 6.3 VAC. 

The radio is working again 
and I can enjoy listening to it. 


73, Tom, N4TL 


EM 
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On The Bench 


Safety First! 


By Ed Richards, K6UUZ 


Any AC-powered appliance with 
exposed metal parts should be supplied 
with a 3-wire service cord and plug. The 
third wire connects the metal parts to an 
earth ground, independent of the power 
wires. This includes old radio equipment 
that was built with only a 2-wire cord 
and plug. This is especially important for 
AC/DC type equipment, where one side 
of the power line connects directly to the 
chassis. You have a 50-50 chance of 
plugging it in so the chassis is connected 
to the neutral (grounded wire). However, 
Murphy says that with a 50-50 chance, 
you will be wrong 90% of the time! 

lochave “aul Suen. 
manufactured by the National Company 
in 1942. It looks like a NC-200 or NC- 
2-40D but it is an AC/DC set. It is the 
Coast Guard R-115. Some ships used 
110 Volts DC to power their radio 
equipment. The first thing I did was to 
install a 3-wire cord and plug. It works 


boat anchor 


surprisingly well. 
Even transformer powered radios can 


[Editor’s Note: Most of this article is a 
reprint from ER #190, March 2005, now 
out-of-print. It’s good, basic safety info 
that needs mentioning again.] 
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be dangerous. Most havea paper capacitor 
from one or both sides of the power line 
to chassis ground. These are to bypass 
any RF on the power line. Old capacitors 
are notorious for shorting. If the capacitor 
that shorts is connected to the hot wire of 
the service cord, you now have 120 volts 
AC on the chassis and cabinet. If the 
radio is not connected to a good earth 
ground it is a shock hazard. I recommend 
that all such old capacitors be discarded 
and new line bypass capacitors be 
installed. These are special capacitors that 
are designed to fail open, rather than 
shorted. Some radios also have a resistor 
from one side of the line to chassis to 
drain off static charges. While designed 


to be nonfatal, they can give you quite a 
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tingle if you get between the radio and a 
ground. 

Let’s talk about house wiring for a 
moment. Most homes are supplied with 
a 3-wire, 120/240 volt AC service. These 
come from a center-tapped winding ona 
transformer mounted on a pole or in an 
underground vault. The center tap is 
grounded at the pole or vault and again at 
your service entrance. This is called the 
neutral. Both ends of the winding are 
120 volts AC above ground but of 
opposite phases. This provides two 120 
volt busses to ground and 240 Volts AC 
end-to-end. In your home, the neutral is 
colored white and runs continuously 
throughout your home with no 
interruptions. You should never switch 


the neutral wire because it provides a 
degree of safety; it is grounded. The hot 
wires are normally black, although red is 
sometimes used to identify one phase in 
other systems. A third wire, either green 
or bare, is grounded at the service entrance 
and runs along with the white and black 
wires to provide a separate safety ground 
for appliances and fixtures. So, at a 120 
volt AC outlet, there are 3 wires connected 
to the outlet. The green or bare, safety 
eround wire connects to the long, round, 
center pin. The screw is usually colored 
green. The white, neutral wire connects 
to the wide, flat, pin. The screw is usually 
colored silver (called white). The black, 


hot wire connects to the narrow flat pin. 


Its screw is usually colored brass. Pay 


attention to the screw color when wiring 
outlets and fixtures. 

To install a 3-wire service cord on AC/ 
DC gear, first look at the schematic. 
Some radios connect the load side of the 
power switch directly to the chassis. If 
this is the case, reverse the load. That is to 
connect the load side of the switch to the 
rectifier plate and filament string. The 
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wire that went to the filament string and 
rectifier plate now goes direct to the 
chassis. This will be the white neutral 
wire. Since the neutral is grounded at the 
service entrance, the chassis is now 
grounded at all times the plug is inserted 
in the outlet. The black, hot wire goes to 
the switch. When the switch is turned 
off, nothing is hot in the radio but the 
switch terminal. You can puta fuse in the 
black wire if you desire but it is not as 
important as in a transformer powered 
radio as there are no expensive parts that 
can be damaged in case of a short. 
However, something could catch on fire, 
so it is a good idea. The green safety 
ground wire goes to the metal cabinet 
that is supposed to be insulated from the 
chassis. This provides a separate ground 
to the cabinet that is independent of the 
neutral. In case the neutral gets 
ungrounded, you are still protected. If 
you don’t want to change the service 
cord, please find the pin connected to the 
chassis (with an ohmmeter) and mark it 
on the plug. Be certain this pin goes in 
the wide, neutral slot of the outlet. 

In a transformer powered radio, the 


black, hot wire goes to the switch through 
a fuse. If the manufacturer did not include 
a fuse, please add one. To find the size of 
fuse to use, find the rated amperage or 
the rated power consumed. Divide this 
power rating by the 120 volts to find the 
amperage. Choose a fuse about one and 
one-half times the rated amperage. Power 
transformers are usually made from 
unobtainum and are expensive if you do 
find one. I have a top-of-the-line 
Hallicrafters SX-42 that had no fuse — it 
does now! The white, neutral wire goes to 
the transformer return. The green safety 
eround goes to the chassis and cabinet. 
Don’t forget to change those line bypass 
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capacitors, and good luck! 


CLASSIFIEDS 


Advertising Information: Please Read 
Ads received AFTER the deadline will be held for 
the NEXT issue. | 


How to SubmitAds: WEGREATLY ENCOURAGE ALL ADSTOBE 
SENT BY EMAIL. Ads are printed the way they are received. if an ad 
must be sent by regular mail, neatly print or type the information so it 
is LEGIBLE. Ads that are not legible will not be included. We are not 
responsible for ads sent by mail that are lost by the postal system or ads 
that are not legible. Not all readers use email, so include phone 
numbers if a response is desired. 


Do not mail ads a week before deadline and expect them to 
show up the following month. 


Ads run ONE month UNLESS CLEARLY STATED otherwise. 


monthly, directly below where it says “Deadline.” Email is prefered for 
receiving ads. Please email for the display ad rates, they are different 


from regular classified ads. 


How to Count Words: The words “FOR SALE” or “WANTED” and 
all of your contact information counts as 7 words total no matter how 
many real words there may be. Contact information is: Your name, 
address, phone, email, etc. Then, 20 minus 7 equals 13 words remaining 
for the description. Hyphenated and slashed words/numbers count as 
2 words. 


Subscribers receive 1 free 20-word ad per month. Extra words 
are 20 cents. Please count the words in your ad as above. If you 
are over 20 words, send payment for the extra words at 20 cents 
for each word by check or money order in the mail, or via PayPal. 
No Free Words for Non-subscribers: $15.00 minimum for each ad up 
to 20 words. Each additional word is $1.00. 
Electric Radio 

PO Box 242, Bailey, Colorado 80421-0242 
Ray@ERmag.com (Emailed ads are preferred.) 


@- DEADLINE for Dec. 2019 is Friday N 


AD Electric Radio #366 November 2019 


Sn 


ee 


MANUALS FOR SALE Military Radio 
manuals, original. & reprints. List for 
address label & $1.50. For specific 
requests, feel free to write or best- email. 
Robert Downs, 2027 Mapleton Dr., 
Houston, TX 77043, wa5cab@cs.com 


FOR SALE: Vintage broadcast monthly 
magazines, Western Electric Pickups, 
RCA Broadcast news; Product catalogs 
from RCA, Gates, Collins. Details on 
request. Gary, KEGLH @volcano.net 209- 
418-4741 (text or voice) 


FOR SALE: EAC R-390A receiver with 
original louvered and shock-mounted 
cabinet. Includes dust covers, manuals, 
NOS tube set, spare audio deck, and a 
few small parts. Pick-up only please in 
Auburn, CA. Mike, KE6UXV, 530-210- 
1148, $650. 


FOR SALE: Two Precision model 10-12 
tube testers, rebuilt, look and work good, 
$300 for both. Local Pickup Only. Walter, 
718-456-1988 


FOR SALE: McGraw-Hill Engineering 
books 1911-1971. Email for list. 


WBOTOW, aronoff1366 @ gmail.com. 
Text 408-781-5704 


FOR SALE: Electric Organ Hammond M3 
with tube amplifier built-in, no scratch 
wooden cabinet, $280. Toshihiko 
Yamada, 7107 175th PL SW, Edmonds, 
WA 98026, jalftc@hotmail.com 


FREE FOR SHIPPING: 60 years collected 
of mostly new and small parts (caps, 
resistors, mechanical, cabinets, etc.) sold 
as a lot/lots for shipping costs only. Email 


for info and jpegs. Ralph Fowler, W5UF, 


ralfowler @ att.net 


FOR SALE 2 each VT-4-C 211 tubes 
General Electric $200.00 shipped, 
Tested. Norm, N3RZU@juno.com 928- 
684-3353 Arizona PayPal 


FOR SALE: Tubes, send your want list, | 
will respond if | have it. Carl Weibezahl, 
305 Belvidere Ave, Washington NJ 07882 
908-689-3276 
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FOR SALE: Astatic D-104 $35.00 Shure 
model 520SL $20.00 Astatic model DNHZ, 
$10.00 plus shipping. all with stand,cable 
with 2 pin connector. Lawrence Gross 
651-459-3233, Email wObyg@aol.com 


FOR SALE: Swan VHF-150 2 Meter 
Amplifier with Spare 5894, $125. HAL 
DKB2010 CW/RTTY Keyboard, $10, and 
price includes shipping. Doc, KOGRM, 
701-258-6747 


FOR SALE: National HRO serial E-68, 
deplorable condition. OK meter, dial. 
Walter, WOLQJ, 
whschwartz @ sbcglobal.net. 847-697- 
5668. 


SACRIFICE: NOS Bud WA-1541 
Portacabinet, 81/8" wide x 12" deep x 9" 
high. Just pay UPS shipping. Louis 
D’Antuono, WA2CBZ, 8802 Ridge Blvd, 
APT C-2, Brooklyn, NY 11209 718-748- 
9612, Call After 6 PM EST 


FOR SALE: Collins Model 550 Broadcast 
Transmitter. $2,800 pick-up in Hartsdale, 
New York. Pete NOHXW, 


1peter.stratigos@gmail.com 914-338- 
4172 


FOR TRADE: Commodore PET 2001 
(32008), working, plus 16K RAM. Trade 
for fixable vintage Wang or HP calculator 
etc. Brian White, Arlington MA, 
brian.white@umb.edu, 781- 504-6384 


FOR SALE: KWM-380 Pro-mark, local 
pickup preferred $1200. Also, Gibson Girl 
T-74A/CRT3, $245 For details/pics email 
buddyh @ bellsouth.net. Buddy, WB4ARK, 
803-831-6001 


FOR SALE: Lifetime collection of vintage 
electronic test equipment including bench 
equipment and “in process” rehabs, ham 
equipment, tools, parts, manuals, work 
benches, shelving, and more. Please 


contact katrinawreede @gmail.com for 
complete list and photos. 


FOR SALE: Heathkit Book: Classic 
Heathkit Electronic Test Equipment by 
Jeff Tranter. $19.95 from lulu.com and 
amazon.com 
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HELP NEEDED! 
The KPH “wheel” (repeating station identification) is generated by A-TRONIX 
keyboards, all of which need service. If you can assist the Marine Radio Historical Society 


with the repair of these units please write to info@radiomarine.org. We have the service 


FOR SALE: Valiant & Ranger VFO dials 
$21.95, Ranger long bolts (3) $19.95, 
Valiant long bolts (4) $23.95, plus 
shipping. K1TLI, 508-965-7400, 


www.johnsonradioresto.com 


FOR SALE: 50’s 60’s Classic American 
ham-gear in exceptional condition. Your 
fair offer determines price. https:// 
www.qrz.com/db/W5JV. QSL W5JV Doug 
Hensley, 5678 College Drive, Baton 
Rouge, LA 70806. (See my previous ER 
ads.) 


FOR SALE: Amateur Band FT243 crystals, 
hc6u, FT171B, hc49 etc. Crystal sockets 
and more. Brian Carling, AF4K 
CRYSTALS, 117 Sterling Pine Street, 
Sanford, FL 32773 USA. TEL: 321-262- 


5471. http://af4k.com/crystals.htm 


FOR SALE: SSB Adapters for Collins 51J, 
R388, 75A, R390, Hammarlund SP600 
series receivers. 


wWwwieitreetopcircurts com 


radio @treetopcircuits.com 613-449- 
7931 
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FOR SALE/SWAP: NOS parts and 
components-resistors, capacitors, 
chokes, tubes, crystals, sockets, plugs, 
jacks, knobs, vernier dials, meters, 
transformers, chassis, enclosures, 
miniboxes, more. NI4Q, POB 690098, 
Orlando, FL 32869. ni4gq@juno.com 


FOR SALE: VINTAGE ALPHA AMPLIFIER 
OWNERS! New replacement front panels 
and covers for Alpha 76A, 78, 374A, 77Sx 
and (gg bs.s Available from 
www.islandamplifier.com or contact John 
Stanford, KF6l, directly at 
wb8svn @gmail.com or 714-412-7399 


FOR SALE: HF Radio interfering with your 
phones? Try these plug and play filters. 
1st for $4, others $3 each plus shipping. 
Brian Harris WA5UEK 
cosmophone @ yahoo.com 
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FOR SALE/TRADE: Transmitting/ 
Receiving tubes, new and used. LSASE 
or email for list. WANTED: Taylor F52, 
8008, TR40M and Eimac 100IG. John H. 
Walker Jr., 13406 W. 128th Terr., Overland 
Park, KS 66213. PH: 913-782-6455, E- 
Mail: jwalker83 @kc.rr.com 


DRAKE OWNERS: Solid State LED Lamp 
replacements for all 4-line and 7-line 
equipment. Don, N900, WEB: 
www.radiolabworks.com/products or 
phone 262-358-0266 


SERVICE FOR SALE: R390A repairs & 
rebuilding. Bill Riches, WA2DVU, Cape 
May, NJ. 609-465-5005 
bill.riches @ verizon.net 


QSLs FOR SALE: Your old QSL card? 
Search by call free, buy find at $3.50 ppd. 
Chuck, NZ5M, nz5m @arrl.net 


SSB Adapters from Treetop Circuits 
e Available for Collins 51J3/4, R-388, R-390(A), 75A2/3, Hammarlund SP-600 
e Installed in Receiver and Powered By Receiver 

¢ Control functions, look, and feel are unchanged. Adapter is activated when you turn 


e SSB performance is greatly improved. 


We recommend you visit www.treetopcircuits.com for complete manuals. 


Email: radio@treetopcircuits.com Phone: 613-449-7931 


SERVICE FOR SALE: Let’s get that old 
radio of yours working again! Antique 
Radio Repair - All Makes- Also Transistor 
Radio Repair. Tom Senne, AC8DA, 937- 
258-0124, Dayton OH, http:// 
TomsAntiqueRadioRepair.com 


MANUALS FOR SALE: Hundreds of 
manuals available for vintage ham gear, 
test equipment and other electronics. High 
quality photocopies at reasonable prices. 
Some originals also available. Please 
email or call with your needs. David 
Crowell, KA1EDP, 401-934-1845 
ka1edp @yahoo.com 


INFO -see www.navy-radio.com for photos 
and info on Navy radio gear. Nick, K4NYW, 
navy.radio @ gmail.com 


ae 


RF Connectors & Gadgets 


www. W5SWL.com 


Specializing in RF Connectors & Adapters - BNC -C- DIN- FME-N-SMA-TNC- 
UHF & More 


Attenuators- Loads & Terminations - Component Parts- 
Hardware- Mic & Headset Jacks 

Mounts- Feet - Knobs - Speakers - Surge Protections - 
Test Gear Parts- Tools 


W5SWL Electronics 
PO Box B 
Mulberry, AR 72947 


www.W5SWL.com 
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HANG YOUR NEXT WIRE ANTENNA WITH THE NEW 


EZ Hane, Code 
75 Goldfinch Way 
Capon Bridge, WV 26711 


EZ HANG SQUARE SHOT! 


EZ Hang’s custom construction is welded/ 
bolted steel attached to a reel that is corrosion- 
resistant plastic and stainless steel. New design 
sling shot (U.S. Patent No. 6286495), with new 
wrist support to fit a man’s hand, with new UV 
resistive 11-inch long bands will help you reach 
that extra high shot. The pouch is 1-3/4" wide for 
easy grip. The EZ Hang square shot will clear a 100- 
foot tree with ease. EZ Hang kit is $99.95 + $9.05 
shipping. The EZ Hang comes with a one year 
limited warranty. We now have 14,000 satisfied 


www.ezhang.com 


Call Today! 


customers around the world! 


304-856-1026 


ACCESSORIES FOR SALE: Spun 
Aluminum Knob Inlays for most 
Boatanchors. Collins Dial Drum Overlays. 
Dakaware Knobs. Charlie Talbott, 13192 
Pinnacle Lane, Leesburg VA 20176-6146. 
540-822-5643, k3ich @arrl.net 


SERVICE FOR SALE: SMO and module 
repairfor KWT-6, URC-32 and other Collins 
radios. Jim Whartenby, 
antqradio @ sbcglobal.net, 501-282-2991 


WANTED: Schematic for adding Squelch 
to R-19 (Type 12) VHF Command receiver, 


12 volt. Jay Myers, 
myerstvsound @comcast.net 
WANTED: Archer Globe _ Patrol 


regenerative receiver. TUBE VERSION 
ONLY! State condition and price. Rick 
Tenney 84 Branch Turnpike Unit #64 
Concord, NH 03301 603-591-1020 
AB1BM@ARRL.net 

WANTED: One recent Mouser Electronics 
big paper catalog. Herb, K9GTB, 1727 S. 
RODGERS AVE, Alton, IL, 62002 1-217- 
851-1289 

WANTED: B&W #3720 160HDVL variable- 
linked center-tapped transmitting coil in 
good condition. Bruce, WX10, 802-989- 
0013, bicycleholidays @ aol.com 
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WANTED: Old slide rules for personal 
collection. Send _ information to 
db_cunningham @ hotmail.com 


WANTED: Service Manual for Harris RF- 
103A Amplifier. Uses a single 3-1000Z. 
73 Nick K5EF 504-400-8873 or 
nick.tusa @ tusaconsulting.com, 


WANTED: SCR503 Direction Finder Radio 
or Components: - Radios BC973/ 
BC1003 and accessories. Anthony 
Norden, Hertfordshire, England, MOWWV. 
agwnorden @ aol.com 


WANTED: Manual & schematic for T-60 
60 kHz Time Code Receiver by Specific 
Products of Woodland, California. 
Whitham Reeve, whit@reeve.com, +1 
907-538-4663 leave voicemail. 


WANTED: Schematics for Vico (Video 
Amplifier Company) models 77,87,88, or 
89 hi-fi amps, circa 1958. Mike Zuccaro, 
858-271-8294 


WANTED for Mackay 3007-A receiver 
restoration: Schematic, parts list or any 
other documentation for this late ‘50’s 
shipboard MF-HF receiver. Tom 
w2ila@cox.net 401-965-8730 
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WANTED: RME transmitter parts, info pre- 
1945 Jeffrey KD2AZI 
RadioArtistry @ gmail.com 


SERIVICE FOR SALE: Racal tube 
equipment RA17 etc., RCA AR88 and 
Collins TCS. brian@kf6c.com 760 809 
7827: 


WANTED: Command Sets BC-942 and/ 
or ARC-15 receivers. For rebuild, 
reasonable condition and price. Skip 
Magnuson , W7WGM, 13906 N Minihdoka 
Trail, Spokane, WA 99208, 509-468-2502, 
magnuson @ mac.com 


WANTED: WW II German, Japanese, 
Italian, French equipment, tubes, 
manuals and parts. Bob Graham, 2105 
NW 30th, Oklahoma City, OK 73112. 405- 
525-3376, bglcc@aol.com 


WANTED: Service for Watkins-Johnson 
WJ-8718 receivers. We have several at 
KPH that need repair. Can you help? 
info@radiomarine.org 415-990-7090 


WANTED: A photocopy or scan of “The 
Genesis of Station CHARLES” by George 
L. Graveson. Also “The OSS Comm Vets 
Papers, Second Edition.” 
daveg3uur @ gmail.com 


WANTED: Teletypes for WWII museum 
working display. Models 14, 15, 19, 20, 
especially military, WWII versions. Low 
cost or donations near Colorado? Wayne 
WB40GM, hwhall@compuserve.com, 
719-574-5319 


WANTED: Collins promotional literature, 
catalogs and manuals for the period 1933- 


1993. Jim Stitzinger, WA3CEX, 23800 Via 


lrana, Valencia, CA 91355. 818-519-4419. 
jstitz @ pacbell.net 


WANTED: Collins Manufactured Tubes 
ca 1936-1938- Need Air Cooled Triodes 
such as C-100E, C-200, C-211, C-251A, 
C-279A, C-800, C-802, C-841, C-849, C- 
852, Water Cooled Triodes such as C- 
207, C-858, etc, Air Cooled Rectifiers 
such as C-249A, C-357A, etc and Water 
Cooled Rectifiers such as C-214, C-237A, 
etc. Jim Stitzinger, WA3CEX, 23800 Via 
lrana, Valencia, CA. 91355 818-519-4419, 
jstitz @ pacbell.net 


WANTED: Early Hewlett-Packard 
Journals from 1948 to 1955 for former 
employee hoping to complete his 
collection. Steve, W6SSP, 707-544-8142, 
Santa Rosa, CA. zarco@sonic.net 


WANTED: 1930's civilian airline radios 
air or ground station use- Any radios or 
test gear used by FCC Hallicrafters etc- 
Any HRO style radio made outside the 
USA. Tnx! Brian, KN4R, 
briankn4r@ gmail.com, 704-657-8910 


WANTED: Collins R-389 receiver or 
clunker for parts, or any other R-389 stuff. 
Harry Weber, KC9QID, 4845 W. 107th St., 
Oak Lawn, IL 60453-5252 


WANTED: ARC-5 transmitter racks MT 
69. 71.73, ./5. “Steve, K2DKT, 
skeller53@gmail.com, 718-405-8378 


WANTED: Cartoon QSL Cards designed 
by illustrator Otto Eppers W8EA - W2EA. 
Immediate CA$H. Pete, NL7XM @arrl.net 
or PO Box 3026, Easton, PA 18043-3026 
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Hayseed Hamfest LLC - Cedar Rapids, lowa 


CAN CAPACITORS 


Can-caps.com 


t=> 
———aa 
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ZIM ELECTRONICS INRUSH CURRENT LIMITERS 


Inrush Current Limiters are now available from the Elec- 
tric Radio Store or on-line! These inrush limiters were 
reviewed in the September 2004 issue of Electric Radio 
and are available in two versions: 


Model AB-1M, (With Voltmeter),..........ccccscsssscsssscssesess seseeee $39.95 
Model AB-300M, with meter, 300 watts (2.5 amps x 120 
VAC ora coguee ate uae uiaet ek EO $44.95 
Shipping, each limiter ................. 


(Overseas customers please ask for shipping quotes.) 


The Inrush Limiter provides a slower startup for your 
valuable vintage radio equipment. The voltage drop 
across the limiter element is high when cold. As they 
warm up the voltage drop decreases. If you are con- 
cerned about high inrush current damaging your 
older equipment, this little product will prevent such Metered Inruch= inves: 
damage. They are not intended to be used as a voltage- Models AB-IM, AB-300M 
reducing device. The AB-1M is 150W. All models : 


come with a full money-back guarantee. Electric Radio Store 
720-924-0171 


For photos and history of Chatham Radio, WCC, “ The World’s Greatest Coastal 
Station,” see www.WCCARA.com, by the WCC Amateur Radio Association. 


aie | 


Drake Manuals on CD 


The R.L. Drake manuals that were 
compiled by HamManuals are again 
available from Electric Radio! 

This is a high quality 2-CD set of 
manuals for the ham equipment that Drake 
produced. Also included are official Drake 
modifications and all of the 3rd-party 
modifications by Sherwood Engineering, 
and others. 

Now all of your Drake service 


=a 


Series | + Disk 1 
N R.L. Drake Co. 


: 


information can be in one place and you 
wont have to worry about not having a 


yf System 


Requirements: 


manual when a new piece of equipment 
enters the shack. 

These CDs were originally sold for 
$71.95, but are now available for only 
$24.95, which includes priority shipping. 

Electric Radio 

720-924-0171 or on the Internet: 


www.ERmag.com 


Any computer vith 
Adobe Acrobot Reader®, 


Performance will vory 


depending on speed of 


the computer, 
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Tubes, Tubes, Tubes 


for your next project! 


Electric Guru Parts House 
www.electricgurupartshouse.com 
Phone: 262-833-7999 


Check out our website and download latest catalog. 
David Whitham, K9DQ, PO Box 212, Franksville, WI 53126 


W7FG True Ladder Line and 


Wire Antennas 
¢ 600 Ohm Open-Wire Ladder Line 
¢ The most trusted, reliable, all-band 
doublet for 20 years. 
¢ Thousands in Use, Sold Worldwide 
¢ Use coupon code “ER” for 10% 


discount 


www.trueladderline.com 
802-598-6825 


TrueLadderLine.com 


ZG 


¢ World Class 


e Your Resource for * * Collins Radio * * 


Nagas 


lins Collectors Association 
WY SY 


¢ Offering Unparalleled Free as well as.. 
e ....Exciting Member Benefits 
Signal Magazine 


e Visit at collinsradio.org & join the fun 
¢ See our Events Calendar 


* Come see what the excitement is about 


ZY 


NOTICE: Vintage SSB Roundtable every 
Tuesday at 7 PM Local Pacific Time, 
3895 Southwest USA. All welcome. Ron, 
K2RP @ARRL.NET 


NOTICE: Boatanchors Unlimited SSB 


Net, 7:30 PM Central on 3.870 every 
Wednesday since 1996. All are 
welcome. k8wozdan@gmail.com 


WANTED: Vibrators: Oak V-6556, 
Plessey 614SC, James Vibrapowr C- 
1243 or any marked FSN 6130-249- 
5699. Non-functioning okay, but no 
obvious junk please. Rich Parker, 
KB2DMD, 1205 Sleepy Hollow Rd, 
fe Pennsburg, PA 18073, 215-541-1099 
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The Midwest Classic Radio Net 
“ore-net” informal group is now the 
“WAQZTY Vintage AM Net” in honor of 
Rob Hummel, WA9ZTY who passed 
away in 2008 but for a long time had 
been the net control of the Midwest 
Classic Radio Net. Rob’s callisnowa 
club call held by the WA9ZTY Net. The 
WAQZTY Vintage AM Net meets after 
the Old Military Radio Net and before 
the Midwest Classic Radio Net: 06:45 
to 07:30 Central time Saturdays on 
3885 kc. 3885 kc is a busy place on 
Saturday mornings! 
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—ELECTRIC RADIO BACK ISSUES— 
e AllElectric Radio back issues are either from the original press run or lithographic reprints 


from the original negatives. Shipping prices are for delivery by media mail within the USA. 
Overseas, please inquire for shipping quotes. 

e The easy-to-use searchable database for previous ER articles is found at the Electric Radio 
web site (WWW.ERmag.com), “Back Index,” at the right side of the main page. 


e¢ We no longer have all of the back issues of Electric Radio from #1, but the remaining 
stock of back issues are available at discounted prices, depending on the number 
ordered, plus shipping. They are sold with at least a 56% discount the over single-issue 
price. For a full set of remaining issues, please call for a quote while they are still 
available. Many of the early issues have less than 5 in stock. 

@ Single Issues: $4.00 Each, Postpaid 

e 1-Year Sets (Or Any 12 Issues) $40.00 per year + $7.50 Shipping 

e Special Deal on Any Four Years (Or Any 48 Issues): $125.00 + $9.00 Shipping 

e Foreign Customers: Please Inquire for Shipping Rates 


—COMPENDIUMS— 
All of the Collins compendiums are produced in nice 3-ring binders. 
UPDATED MAY 2019! Collins 75A-4 Modification and Service Compendium: All the fac- 
tory service bulletins from Collins Radio Co., Collins Addendum info not in the Service Bulletins, 
and new articles never published in Electric Radio. Plus all the articles printed in CQ, Ham Radio, 
QST and Electric Radiio over the last 45 years, now 159 pages, many in color. 
Pe NN Eee eM eee $29.95 plus $7.00 Shipping 


Collins S-Line, KWM-1, KWM-2, KWM-2A Service Modification Compendium: 260 pages. 
Pm ee AE IR Re I ata tte Melee Md $47.00 plus $8.00 Shipping 


Collins KWS-1, 32V series, and 75A series (A1 thru A-4): 43 pages--------------- $17.00 plus $7.00 Shipping 
— BOOKS — 


A. Atwater Kent, The Man, the Manufacturer and His Radios: This 108 page book describes Kent’s biogra- 
phy, his rise from a saleman and inventor of electrical equipment to boecome one of America’s foremost radio 
manufacturers. There are historic photographs and diagrams on nearly every page, and color plates with 


vintage AK advertising.-----------------------------------------2-2-n anon cence nn nn nnn cnn enn nnn nnn nnn nnn nnn nnn nnnnnnnnnannn $26.95 
Crystal Clear: Crystal Sets, Crystal Detectors and Crystals, Volume 1: Both volumes are nice guides to 
crystal sets and related US-made equipment from 1920 to 1955, by Maurice Siever: ------------------------- $26.95 
Crystal Clear: Crystal Sets, Crystal Detectors and Crystals, Volume 2: -------------------------------------- $26.95 
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Hollow State Design, 2nd Edition: This is Grayson Evan’s (TA2ZGE/KJ7UM) wonderful book that has 
everything you need to know for working with vacuum tubes in one 277 page, high quality volume! 
oy 8 on Sl Reon ee ee eee Oe eee ee ee Te ee Pee eee t. Pe meres cepa $29.95 
Make Your Own Tube Testers and Electron Tube Equipment: This book by Gary Steinbaugh (AF8L), 
an ER contributor and a professional electronics engineer, is all about understanding tube testers and 
building them, and also contains many excellent projects such as power supplies and specialty 
oscilloscopes in one fun-to-use volume! There are 19 well-written chapters, 222 pages, with many 


BtareenOm seal ef ul ly-00) OF rans od Headend oop Races... sarah ea te Moes MEM eo anne dace bea oceaD AS Monae nan tenes «emia $32.95 
Practical Radio Repair, Volume 1: Both volumes are practical guides to vintage radiio repair and quite useful: 
Bi ak eden SE £8 DS BER E ie E ee ot vat eect aaa NE EE LOAD 
mracticnariago Repair, Volume: 22 Arcoueecc ano ccepeyde orate -acocvores ns soeashinnraDaagenMiamensanaanienainelestsaavame! $26.95 
The Collector’s Vacuum Tube Handbook: This is a 205 page book that is full of unique, hard-to-find 
information on tube types that were released before 1934. Includes history and good photos. ------------ $23.95 
Radios by Hallicrafters : High-Quality photos, descriptions, approximate values, and short histories of nearly 
everything made by Hallicrafters. By Chuck Dachis ----------------------------------------7----nnnnnnnnnncnnncnnnnnnnn $26.95 


Radic Tubes and Boxes of the 1920s by Fathauer: If you appreciate the rare and colorful vacuum tubes and 
advertising art from the early days of radio, then this great 104-page book will be very interesting and 
informative look into years past. -------------------------------------------------n nnn n nnn nnn nnn nnn nnn nnn nnn nn nanan $24.95 
Shortwave Receivers Past & Present: This is Fred Osterman’s long-awaited 4th edition, 2nd printing, a 
hardbound, heavy, 800-page masterpiece, more like an encyclopedia than a mere handbook! Sure to become 
a classic volume, it contains info on over 1,700 receivers from 1942 to 2013, when the book was completed. 
Includes many hard-to-find details about European CqUIPMENt.------------------------n nnn manna nn nn nmnnnnnnnnnnnnnnann $49.95 
Surviving Technology: This is our 2019 reprint Bruce Vaughan’s classic book that is all about his life in radio 
and his detailed information on building regenerative receivers. It was reviewed in the August 2019 issue of 
Electric Radio and is an all-new reprint from Bruce’s Original fileS.--------------------------------------nnnnnnnnnnnnnnn $34.95 
The Bavarian Yankee, by P.H. Thompson, is an exciting well-written, 295-page, soft-cover novel taking 
place in Europe at the end of WWII, full of colorful characters: Americans, Germans, Russians, and 


Poles, mentioning radio communications of the day. Now on close-out Sale, -----------------------"-"--= $6.50 
Tube Testers and Classic Electronic Test Gear: Written by Alan Douglas (SK), a retired engineer, this book 
is packed full of valuable information about test equipment. 166 color pages. ------------------------------=--- $29.95 


Vintage Anthology, 2019 Edition: by Dave Ishmael (WA6VVL) is now in stock, as reviewed in the August 2019 
issue of Electric Radio in an all-new bound volume. 208 pages, topics divided into four chapters: Receivers, 
Transmitters, VFOs, and ACCeSSOri@S------------------------= 55a nnn nnn nnn nnn mmc nnn in senna $37.95 


The All-American Five Radio: This book is out-of-print and no longer available, sorry. 
Tube Type Transmitters: CURRENTLY OUT-OF STOCK. We have been trying to get more since March 2019. 


Ordering Information: 
Books are usually sent by USPS Media Mail 


Shortwave Receivers Past and Present, Hollow State Design, and Tube Type 
Transmitters are very heavy and are shipped media mail for $7.00 each. 


For other books, please add $5.50 shipping for one book and $1.00 for each 
additional book. Five books are shipped by media mail free to one address in the 
United States. No free shipping for overseas orders, overseas shipping has 
gotten very expensive. 

Checks and money orders by US mail are fine. 

Overseas and Canadian Orders: Please inquire for shipping quotes. 


Available by Mail Order or on the Internet at www.ERmag.com 


Credit Cards Welcome via PayPal Only: Call or Email for Details 
(We no can no longer accept credit card payments by telephone because 
of the extremely high fees we were being charged and burdensome 
restrictions placed against our web site from an overseas oversight 
company owned by the banks and credit card companies.) 
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Electric Radio T-Shirts 

The front displays the logo from the cover of ER (the tube logo, 
Electric Radio, and “celebrating a Wee a era”). The back has “Real 
Radios Glow in the Dark” (used 
with the permission of Classic 
Radio). The T-shirts are 100% 
cotton and come in Small, 
Large, X-Large, XX-Large. 
The coloris slightly lighter than 
the cover of ER. $19.00 
delivered, $20.00 for XXL. 
(Medium Available by Special 
Order) 


Update September 2019: Most of these DVDs are notin stock. Please call 
or check the ER web site before ordering to avoid disappointment. 


The Collins DVD Repair Library 


THE COLLINS AND HAMMARLUND VIDEOS NOW AVAILABLE ON DVD! 


Now you can work on your classic equipment with the help of these world-famous, digital- 
format DVDs that work on standard DVDplayers and computers! 


With these classic references on DVD, viewers will benefit from the latest technology in 
the world of video. You can instantly access whatever part of the video you want. 


4 hours, $89.95 
2 hours, $89.95 
1 hour, $39.95 

1 hour, $39.95 

2 hours, $39.95 
2 hours, $89.95 
7 hours, $109.95 
2 hours, $49.95 
4 hours, $89.95 


Priority shipping within the US is $7.50 each for the first two 
DVDs, additional titles are shipped free. 


ER BOOKSTORE, POB 242, BAILEY, CO 80421-0242 
720-924-0171 or WWW.ERmag.com 
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COLLINS 
New Model 1000A 
Works With All 
_. Receivers 
51J Series 
51S-1 
75A Line 
75S Line 
KWM2 


R390 
$275 + $15 S&H 


DIGITAL VFO ALL COLLINS & DRAKE R4 SERIES 


Easy Plug-N-Play Installation, Just Plug In The Cable 
THIS IS A DIGITAL VFO « NOT JUST A DIGITAL READOUT 
More Info & Order At kk4pk.com 


DRAKE 
All Tuning 
Is Done With 
The VFO 1000 
Providing 
Complete 
Digital Control 
For Highest 
Accuracy And 
Stability 
$250 + $15 S&H 


JOIN THE AWA 


ANTIQUE WIRELESS ASSOCIATION 
PRESERVING & SHARING COMMUNICATION’S TECHNOLOGY HISTORY 


e Publishes the renowned quarterly AWA Journal 

e Sponsors the unique, world famous Antique Wireless Museum 

e Publishes the scholarly annual AWA Review 

e Produces the exciting Annual AWA Convention 
Annual membership dues: $35 USA, $40 elsewhere. Visit the AWA Web Site at 
www.antiquewireless.org to learn more about AWA and other membership options. 


WANTED: FCC and RID-related items. 
Anything HF/DF related. Black HROs and 
WWII German and Japanese radios. R&S 
SK010/3202 transmitter docs. Thanks! 
Brian, KN4R, 704-657-8910 or 
briankn4r @ gmail.com 


WANTED: PRESS WIRELESS, NY: 
Photos, information WANTED on 
Hicksville, Baldwin, Little Neck, 
Centereach, Northville facilities. George 
Flanagan, 42 Cygnet Dr., Smithtown, NY 
11787 w2krm@optonline.net 631-360- 
9011 


WANTED: R-390As. It was built to play, not 
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sit and decay. | overhaul and find them a 
good home. Ted@x44.cc 


WANTED: National NTE exciter, NSA 
speech amp and NSM speech modulator. 
| still love National! Sylvia Thompson, 
N1VJ, Hopkinton, RI 401-377-4912 


WANTED: Vacuum Tubes: 279A, 212E, 
249B, 258B, 271A, 242A, C120, C100A, 
804, RK20, CK70, GL805, C201, ZB-120, 
802. Components for Collins 12H /12N 
speech input console, including 
preamplifiers and program amplifiers. 
Rod, W5CZ, 303-324-2725, 


rodperala @ aol.com 
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EZ Hang, Can E 
75 Goldfinch Way 
Capon Bridge, WV 26711 


HANG YOUR NEXT WIRE ANTENNA WITH THE NEW 
EZ HANG SQUARE SHOT! 


EZ Hang’s custom construction is welded/ 
bolted steel attached to a reel that is corrosion- 
resistant plastic and stainless steel. New design 
sling shot (U.S. Patent No. 6286495), with new 
wrist support to fit a man’s hand, with new UV 
resistive 11-inch long bands will help you reach 
that extra high shot. The pouch is 1-3/4" wide for 
easy grip. [he EZ Hang square shot will clear a 100- 
foot tree with ease. EZ Hang kit is $99.95 + $9.05 
shipping. The EZ Hang comes with a one year 
limited warranty. We now have 14,000 satisfied 


www.ezhang.com 


Call Today! 


customers around the world! 


304-856-1026 


WANTED: Crystal Oscillator module (fits 
where clock goes) for Hammarlund HQ- 
180AX. Thanks. Byron W5FH, 
bjtatum1 @att.net or 936-545-2615. 


WANTED: Seeking Ham/SWL/Weather 
unbuilt kits. Gene Peroni, KA6NNR, POB 
7164, St. Davids, PA 19087. 215-806- 
2005 


WANTED: Postcards of old wireless 
stations; QSL cards showing pre-WWII 
ham shacks/equip. George, W2KRM, NY, 
631-360-9011, w2krm @optonline.net 

WANTED: Manuals, manuals, and 
manuals for radio-related equipment to 


buy or swap. Catalog available. Pete 
Markavage, WA2CWA, 27 Walling St., 
Sayreville, NJ 08872. 732-238-8964 


WANTED: R390, R3890A and R392 
receivers dead or alive or parts/ 
assemblies. Any condition considered. 
Will pickup if you have enough items. 
Glenn, WA4AOS, 864-684-2956, 
glenn @dsmlabs.com 


WANTED: Knob, Black center with silver 
outer ring for Hallicrafters S76 513/451/ 
1096; Rhigley599@aol.com Thanks 
Roger w8crk 


% BUY THE BEST x 


ATLAS 350-XL 


The ultimate radio. 


*_ AMERICAN * 


54 Electric Radio #366 


November 2019 


Mil-Spec Communications 
R-390, R-390A, R-388 & Other Military Receivers 
Sales - Service -Manuals - Parts 
Box 633, Englewood, FL 34295-0633 
Please call us at: 941-474-6818 


FAX: 941-474-7874 
milspec39@@aol.com 
“Since 1985” 


Were you first licensed 25 years ago 
and licensed today? 


 f® ATLAS 


“rar ly ow 
| 5” RADIO INC. To Join or Renew, Visit: 
417 Via Del Monte, Oceanside, CA 92054 http://www.qewa.org/join-renew.php 


(714) 433-1983 


Special Customer Service Direct Line (714) 433-9591 : F 
~ TWX 910-322-1397 For more information, please contact: 


| om@qcwa.org 


| DESIGN BUILD HAVE FUN 


150V 


i 2.5 mH 
ZL =7150 


The Art and Science 
of Building with 

} Thermatrons 

. 


Makes it all easy 


Available in the Electric Radio Bookstore! 
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Subscription Information 

Published Monthly : 

The monthly Electric Radio mailing date is posted at www.ermag.com. 
Rates within the US: : | 

Ist Class Rate: $47 (mailed in envelope) 

Periodicals Rate: $36 ne ee 


Rates outside the US, by airmail only: 
Canada : US $54 
All other countries: US $75 


Electric Radio 
PO Box 242 
Bailey, Colorado 80421-0242 
720-924-0171 


Office Hours: 9:00 AM to 5:00 PM MT, Monday to Friday 


Subscriptions and renewals maybe purchased online at 
WWW.ERMAG.COM 


email: Ray@ERmag.com 


Electric Radio 
Baseball Caps! 


Always popular, the Electric Radio 


baseball caps are a nice 6-panel all- 


cotton style with an adjustable rear 
headband anda 3 inch front brim. The 
background color is khaki, and the ER 
logo is embroidered in 4 colors, not 
printed. These hats will hold up for a 


long time. 


$22.95, Priority Shipping Included 


ER Store, PO Box 242, Bailey, CO 80421 720-924-0171 


Or On-Line: www.ERmag.com 
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Electric Radio 
PO Box 242 
Bailey CO 
80421-0242 


Address Service Requested ~- PERIODICAL 
11/19 


WOADJ 01/20 
James Beyer 
6213 Countryside Lane 
Madison W) 53705-1025 


NEED TO DOWNSIZE? 


CALL US TODAY! 


Estate planning for your ham, antique radio or 
audio equipment can be challenging. Take the 
stress off you and your family by calling us at 
816-455-5520 to see how we can help. 


We are a Midwest based online auction 
company with a global reach. 


COLLINS 325-3A SOLD FOR $1,600 Nationwide pickup services available. 


= SCHULMAN 


AUCTION & REALTY, LLC 


73, David Schulman, WD@ERU 
DOCK WELL Coluies Gian 816-455-5520 or 913-568-3767 
SOLD FOR $2,150 david@schulmanauction.com 


www.schulmanauction.com/vintage-electronics 
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